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“Everson,’ we have no forms of apparatus described. 
We have several very important statements of condi- 
tions. The ore was crushed and passed through a 
60 mesh screen dry and thoroughly mixed with black, 
thick oil, presumably a petroleum product. To water 
heated to near boiling was added enough sulphuric acid 
to give it a tartish taste. This acid and water was 
then mixed with the mass of oil and ore. Now, there 
is entire absence of any account of the form of appara- 
tus or how the agitation was carried out, but the re- 
sult alone is stated. A thick scum of sulphurets rose 
to the surface and was skimmed off, leaving the hither- 
to black ore as white as snow, in fact pure silica. These 
are the vital elements in this statement. 

(2 162.) Wo the results stated in the sentence you 
have just quoted beginning “a thick scum’—Does that 
convey any information regarding the operating pro- 
Bess? 

A. That shows I think, clearly that it was the 
same process as would have been carried out with the 
Same apparatus which 1s figured in this other publica- 
tion, and the results would have been the same as there 
obtained. ‘The scum is the froth in this case. 

QO. 163. If you will refer once more to the Everson 
patent, page 607 of defendant’s record in the Hyde 
case, on page | of the patent, beginning at line 17, ex- 
tending to line 20, the same page, beginning at line 81 
extending down to about 86, the patentee makes state- 
ments regarding the character of oils adapted for her 


process. Will you state how extensive a category of 
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otly substances is set forth in the language used in 
these passages? 

A. The list is a very comprehensive one. [n line 
17 we have the expression ‘“‘a fat or an oil, either ani- 
mal, mineral or vegetable, or a fatty constituent or 
acid or animal, vegetable niuneral or oil or any consti- 
(iment of a mineral oil.” These terms cover all G1 the 
animal and vegetable oils and their constituents like 
oleic acid, which 1s a fatty aeid derived from an animal 
and vegetable oil. And that covers all of the petroleum 
fractions because “any component of a mineral oil” is 
there mentioned. And the same thing 1s used with a little 
more expressive statement of particular oils, in line 80: 

“T used petroleum and one of its several components, 
viz., paraffine oil.” But the whole range of petroleum 
constituents can be covered by that earlier language, 
also tallow in melted form, lard, lard oil, red oil, mean- 
ing thereby impure oleic oil, cottonseed oil, castor oil, 
sperm oil, linseed o1l and some combination of these 
with each other. That gives us a range of fatty oils 
or what might be called fixed oils, of both animal and 
vegetable origin. [t does not specify an essential oil or 
one of the ferpene type oil, but that is covered tmder 
the broad statement ‘fat or oil, either animal, mineral 
or vegetable.” 

MR. SCOTT: I think now, as the continuity of our 
case has been broken a little through necessity, I will 
discontinue the examination of Dr. Sadtler for the time 
being and put on another witness in order to get the 


things before the court that the doctor will want to 
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refer to before he finishes, and opposing counsel may 
either cross examine now or later as they choose. 

MR. WILLIAMS: 1 think it will be better to post- 
pone the cross examination until the completion of the 
deposition, as matters stand. Of course there may be 
some incidents that require. it. 

THE COURT: This promises to be a long case 
and you ought to have your witnesses in order and 
know what they are going to testify to and have every- 
thing ready. 

MOR SCOT: The evidence is all ready.” ft 15 
simply the mechanical work that is necessary. 


WIEN ESS TEMVORARILY EXCUSED. 


FWOHN WARNE PHILLIPS, a witness called on be- 
half of the defendant, being first duly sworn testi- 
fied as follows: 


DIRECT EXAMINATION, 
my MRS SCOTT: 


Q. 1. State your full name. 

A. John Warne Phillips. 

Q. 2. Will you kindly state your occupation? 

A. Iam connected with Mariner & Hoskins, chem- 
ists and engineers of Chicago, at the present time, and 
represent them here now at this case. 

Q. 3. And what is the nature of. your duties or pro- 
fession ? 
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A. I graduated from Princeton and spent two years 
there as a post graduate and was instructor there for 
three years and then [ accepted a position of professor 
of chemistry and physics in the University of Nevada 
and taught there for ten years and then I carried on 
metallurgical operations in plants of my own, and for 
several years [ was manager of the Overland Mining 
Company, of Gold Hill, Nevada, and for four years I 
have been connected with the engineering firm in Chi- 
cago of Mariner & Hoskins, as chemical engineer. 

Q. 4. Have you made any investigations of the char- 
acter of froths produced in the flotation process? 

A. Ihave. 

Q. 5. Just briefly, without going into details at pres- 
ent, just state the nature of the operations you carried 
out. 

A. I used several—I have used three varieties of 
oils, practically on the same charge, on a laboratory 
scale, Wihicecharoee used*was G0 erains of ore, 250 ere 
of water and copper sulphate in the proportion of one- 
fifth of a pound of copper per ton of ore, and sulphuric 
acid in the proportion of 8 lbs. of 60° Be. sulphuric 
acid per ton of ore. I added the pulp of course first 
to the vessel and then the water and then the copper 
sulphate and then the acid and agitated for one-half 
minute so as to thoroughly stir the pulp with the solu- 
tion and then J add the oi! and agitate it for eight 
minutes, and most of the tests, most all of the tests were 
carried on in that method, that procedure. 
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Q. 6. What was the ore that you used? 

A. The ore used was a Butte & Superior ore, I 
think mill heads, lot No. 2. It assayed 16% of zinc, if 
[ remember rightly, about—Its fineness was 6% on an 
80 mesh and about 60% through a 200 mesh. 

Q. 7. And what kind of an apparatus did you use 
for these experiments ? 

A. We used an ordinary soda fountain or bar mixer, 
electric mixer, and for the vessel we used a rectangular- 
shaped vessel, I think used for a battery jar, about 51% 
inches high, 2 inches wide and about 2% long, that is, 
a rectangular shape. 

Q. 8. And you made photographs, did vou, of these 
froths? 

A. Made photographs. 

eo. Will you describe the character of the dii- 
ferent photographs you made, the views? 

A. We made three series of photographs. The first 
was taken, a photograph of the froth through the side 
of the vessel and a magnification of 15 diameters, or 
that would be 225 times, magnified 225 times. And 
all photographs of that cahracter are labeled No. 1, or 
Peries |. 

Now, series 2, photographs were made through the 
sides of the vessels in the same way, but a magnification 
of five diameters or 25 times; and photographs No. 3 
series, 3 was made of the top of the froth by using 
a prism and taking the top view of the froth. They 
were not magnified, supposed to be normal. Now, 
these magnifications are not absolute, but very near. 
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We determined the magnification by taking a photo- 
graph of a scale in the place where the froth or object 
was, and measuring the image of this scale, on the 
ground plate of the camera, and taking the ratio be- 
tween those two. That is the method we obtained of 
magnification, particularly five magnification and 
fifteen magnification. 

©. 10. Were you present throughout those opera- 
tions of making these different froths, and supervising 
it or performing it? 

Peeeyes, at all times. 

Q. 11. And the same is true of the making of the 
photographs ° 

A. The making of the photographs; I was present 
when the exposures were made and instantly after the 
exposure J put a number on the negative before it was 
printed. 

(Oe 12. I will show you some of these photographs 
and ask you if you can identify them. The distinguish- 
ing numbers are different in each case? 

A. Yes 

Q. 13. So if you identify them by number it will 
be definite, will it? 

Ne NEES. 

Q. 14. Now, will you kindly state what this photo- 


« 


graph bearing the number 16-3 is? 
A. That is a top view of froth containing one-tenth 
of 1% oil, mixture No. 3. 
Q. 15. And will you state what that oi! mixture is? 
A. What it comprises? 
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Q. 16. What oils and what proportions ? 

A. JI can’t remember that. 

7) eter to your notes. 

A. The oil mixture contained 70% crude fuel oil, 
18% yaryan pine oil and 12% refined kerosene. 

Q. 18. And the proportion is one-tenth of 1%? 

Ee Y CS. 

Q. 19. Now I hand you another one which is marked 
with the number 17-3 and ask you to identify that and 
state what that represents. 

A. 17-3 is the same but contains three-tenths of 
one per cent. of oil mixture. ; 

QO. 20. Of the same oil mixture? 

Peel mixture No. 3: 

Q. 21. Now I hand you another photograph which 
bears the designation 1-3. 

A. That is a photograph, top view, of froth con- 
taining 4/10 of 1% oil mixture. 

O. 22. The same oil mixture? 

A. No, not the same oil mixture. The oil mixture 
of this other varies just slightly in containing 17% 
yaryan pine oil and 13% kerosene instead of 18% and 
12%. 

Q. 23. Now J hand you a photograph marked 2-3. 

A. That is a top view of the same character of 
charge but containing one-half of 1% of oil mixture. 

QO. 24. What oil mixture was that, the same as num- 
ber— 

fee lhe same as No. 1-3. 
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Q. 25. Now I hand you another photograph marked 
3-3. 

A. That is a top view of froth containing six-tenths 
of 1% oil mixture. 

QO. 26. The same oil mixture? 

iene same oil nuxture as No, 1, Zande. 

Q. 27. [ hand you another photograph designated 
4-3, 

A. That is the same oil mixture. The same view, 
but containing 1% of oil mixture. 

Oe7s) AS one oil mixture’ 

Pees One Oil mixtire, 

Om2 = lhe same ocilimixture as 1) 2and 37 

Ame es, the same charge. 

Q. 30. Now ] hand you another photograph bear- 
ing designation 8-3. 


A. Thateis the same as 


top view of froth and con- 
taining 144% oil nuxture, same oil mixture. 

Q. 31. Photograph bearing designation 5-3. 

A. That is a top view of froth containing 114% of 
the same oil mixture. 

MR. SC@@ I think | will oifer theset right nos; 
to avoid confusion. | offer in evidence the photo- 
graphs just identified by the witness and ask that each 
be marked as a separate exhibit in the following order: 

Photographs 16-3, 17-3, 1-3, 2-3, 3-3, 4-3, 8-3, 5-3. 


The photographs were admitted im evidence and 
inarked DEFENDANT'S EXHIBI1S 32 to 59eine 


clusive. 


Butte & Superior Mining Company. 2877 
John Warne Phillips. 


Bee Me SCOUT: Nir Philips’) hand you a 
photograph marked 16-2 and ask you to identify and 
describe what it represents. 

A. That is a side view of the froth taken from 
the sides of the vessel containing one-tenth of 1% 
of oil mixture No. 3 and a magnification of five diamet- 
ers or 25 times. 

e535. You say oil mixture No. 3; is that the one 
you described before? 

A. The first, yes.’ 

Q. 34. That is the first oil mixture you described 
before? 

Ee Yes. 

Q. 35. This picture was taken how, did you say; 
through the side? 

A. Through the side of the vessel. 

©. 36. Of the glass jar in which it was made? 

A. Yes. And the dark line below shows water 
below the froth, this dark spot? 

O. 37. And how high that line of froth extends 
on the picture? 

A. The froth extends along this line here, right along 
here, and all of this froth, all this frosting above 1s the 
creep on the side of the vessel. 

QO. 38. Will you please make a mark on the photo- 
graph, a letter or a number or something to show the 
upper boundary of the froth? 

A. This froth was only a quarter of an inch in 
depth, consequently the froth in the picture should not 
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be over an inch and a quarter in depth to be five diamet- 
ers. 

MR. SCOTT: The witness has made a mark on 
the photograph and written the word “top” to indi- 
cate the upper surface or edge of the froth. 

Q. 39. Now, what is that appearance above the 
top of the froth that is indicated in the upper part of 
the photograph? 

A.. That is the creeping of the oil and ore on the 
inside of the vessel, up on the inside of the vessel, 
during agitation. When it settles down it comes down 
and leaves this frosting on the inside of the vessel. 

QO. 40. It is merely the dirty side of the vessel? 

A. Dirty glass inside. 

MR. SCOTT: I offer this photograph marked 16-2. 


Said photograph was admitted in evidence and 
marked DEFENDANT'S EXHIBIT No. 60: 


©. 41. MR. SCOTT: J hand you another photo- 
graph marked 17-2 and ask you to state what that 
EprCSChitss 

A. This represents the same view and the same oil 
mixture but contains three-tenths of 1% of oil. 

O. 42. Of the same mixture as that of No. 16-2? 

A. Yes,@or No. 16-2. 

Q. 43. Will you indicate on this photograph also the — 
top of the froth if it shows there or does it extend 
away to the top of the picture? 

A. No, it doesn’t extend away to the top of the pic- 


tines 
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QO. 44. Is it possible to tell just where the froth 
does leave off and where the dirty side of the jar be- 
gins? 

A. It is difficult in this case. I think the froth is 
about along on this line, right in through there; this 
represents this top of the froth. The average depth of 
the froth was 2!4—or one-half an inch, I should say. 
One-half inch magnified then, five times would make it 
2% inches deep, so these marks through there, the 
openings, to my mind would indicate the top of the 
froth. 

Q. 45. Just make a mark on that similar to the 
other one. 

(Witness marks the photograph. ) 

MR. SCOTT: JI offer this photograph marked 17-2. 


Said photograph was admitted in evidence 
marked DEFENDANT’S EXHIBIT 61. 


Q. 46. J] hand you photograph marked 1-2 and ask 
you to identify it. . 

A. This is the same view magnified five diameters, 
25 times, but contains four-tenths of 1% oil mixture, 
the second oil mixture. 

Q. 47. Can you indicate on this photograph about 
the position of the upper surface of the froth? 

A. [ think this is along there near the top of the 
picture. 

Q. 48. This one you named the amount of oil, didn’t 
you, as four-tenths of 1% of the second oil mixture? 
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A. Yes, four-tenths of a per cent. 
MR. SCOTT: Loffer this photograph bearing No. 
1-2. 


Said photograph was admitted in evidence and 
marked DEFENDANTS EXHIBIT WerG2. 


QO. 49. MR. SCOTT: I hand you another photo- 
graph bearing No. 2-2 and ask you to identify it and 
describe it. 

A. This is the same view taken through the side 
of the vessel magnified 25 times and contain one- 
half of 1% of oil mixture. 

©. 50. Can you identify the position of the top of 
the froth? 

eee e. 

QO. Sie an ink mark and the word “lop = 
A. Yés. 

MR. SCOTT: | offer this photograph marked 2-2. 


Said photograph was admitted in evidence and 
marke NOAN TS EN EIST 63: 


Q. 52. | hand you a photograph marked 3-2? 

A. This was taken through the side of the vessel, 
inagnified 25 times, and contaims six-tenths of one 
per cent oil mixture. “Phe froth extends nearly to the 
top of the picture. 

MR. SCOTT: I offer this photograph im evidence. 


Photograph admitted in evidence and marked 


DEPENDARII Ss JOULE 64. 
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Q. 53. I will ask you to describe this photograph, 
marked 4-2? 

A. This was taken through the side of the vessel, 
magnified 25 times,.and contains one per cent of the 
oil mixture. 

Q. 54. The froth extends to the mark you have just 
put on the picture, does it? 

Be YS. 

MR. SCOTT: I offer the photograph marked 4-2 


in evidence. 


Photograph admitted in evidence and marked 
DEFENDANT’S EXHIBIT 65. 


Q. 55. I hand you photograph marked 8-2 and ask you 
to describe it? 

A. This is taken through the side of the vessel, 
magnified 25 times and contains one and a quarter 
per cent oil mixture. 

Q. 56. When you say contains one and a quarter 
per cent, you mean, do you not, that the froth was 
made by using one and one quarter per cent of oil re- 
lative to the weight of the ore? 

fe, YS, Sir. 

Q. 57. You don’t mean that the froth itself con- 
tains one and a quarter per cent? 

A. No; the charge was made up by using one and 
a quarter per cent of oil to the amount of ore used. 

Q. 58. Does the froth extend to the point you have 
designated on this photograph? 
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7 VOMtReT top, yes, sir. 
NMixeroe@Oit: | offer the photograph <2 inset 
dence. 


Photograph admitted in evidence and marked 
DPE RNDANT’S EXHIBIT No: 66. 


Q. 59. I hand you a photograph marked 5-2 and 
ask you to describe it? 

A. This is taken through the side of the vessel, 
magnified 25 times, and the charge was made up to 
contain one and a half per cent of the oil mixture. 

Q. 60. Of the same mixture? 

AmeeOr the same inixture as the preceding. 

MR. SCOTT: J offer this photograph marked 5-2 


in evidence. 


Photograph admitted in evidence and marked 
DEEENDANT’S EXHIBIT NovGe- 


QO. 61. Now, Mr. Phillips, there was a little change 
in the oil mixture, as I remember it, the photographs 
numbered 16 and 17— | 

A. Were made from the oil mixture No. 3. 

QO. 62. And the photographs 1, 2, 3, 4, 8 and 5— 

A. Were made up from another oil] mixture which 
was not numbered, just labeled oil mixture, and that 
oil mixture contains 70 per cent of crude fuel oil, 17 
per cent of Yaryan pine oi] and 13 per cent of refined 
kerosene. 

QO. 63. And you described the mixture that was used 
before for 16 and 17? 
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A. I did, yes, sir, mixture No. 3. 

Q. 64. I hand you a photograph marked 16-1, and 
ask you to state what it- repeyfents ? 

A. This is a photograph of the froth taken through 
the side of the vessel, magnified 225 times. 

Q. 65. That would be 25 diameters? 

A. Fifteen diameters; and it contains one-tenth of 
one per cent of oil mixture No. 3. All pictures marked 
16—16-1, 16-2, and 16-2—were taken from the same 
experiment or the same froth. 

Q. 66. And the numbers 1, 2 and 3 indicate? 

A. Indicate the series of the picturegand the first 
number, 16, represents the test. 

i Q. 67. And all pictures numbered 1 are what kind 
of views? 

A. Taken through the side of the vessel, magnified 
225 times. Pictures marked 2 are taken through the 
side of the vessel, magnified 25. times, and all pictures 
numbered 3 represent the top view of the vessel of 
natural size. 

Q. 68. This 1, 2 and 3 that you just referred to 1s 
the second of the two figures which appearg on the 
photograph ? 

A. The second numerals. 

Q. 69. And the first numeral appearing on the 
photograph designates the particular test? 

A. The particular test and the particular charge. 

Q. 70. And wherever the same number is the same 
on two or three photographs, they are photographs of 
the same test ?: 
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A. Of the same test, the same froth. 

- Q. 71. You just gave the proportion of the oil? 

A. Yes, one tenth. 

Om72. Woes that froth extend clear to the topmon 
the picture I hold in my hand now? 

A. I should say nearly; it is perhaps to there. 

QO. 73. Will you explain to the court, by reference 
to these experiments which were performed yesterday 
—these illustrations of the Cailfornia Journal which 
are now standing here—explain to the court just what 
the indefiniteness is in telling where the froth leaves 
off at the top? 

Zee liere is an example here; taking the froth iense 
—that would occur in the picture, and still the top of 
the froth would be down somewhere here, and we have 
to take really the measurement of the thickness of the 
froth. 

THE COURT: That was made by the court tipping 
it up a while ago. You mean the upper part? 

A. hewipper part, yes, sir. 

MR. SCOTT: TI offer this photograph marked 16-1 
in evidence. 


Photograph admitted in evidence and marked 
DEFENDANT'S EXHIBIT No. 68. 


Q. 74. I hand vou another photograph marked 17-1. 
Please describe that. 
A. 17-1 is a side view, taken through the vessel, 


magnified 225 times. The charge was made up of three- 
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tenths of one per cent oil mixture No. 3 and the picture 
does not extend to the top of the froth. 

MR. SCOTT: TI offer this photograph marked 17-1 
in evidence. 


Photograph admitted in evidence and marked 
DEFENDANT'S EXHIBIT No. 69. 


Q. 75. I hand you another photograph marked 1-1, 
and ask you to describe it. 

A. This is taken through the side of the vessel, mag- 
nified 225 times. The charge is made up of four-tenths 
of one per cent oil mixture. The picture does not extend 
to the top of the froth. 

MR. SCOTT: Toffer this photogéjyph marked 1-1 in 
evidence. 


Photograph admitted in evidence and marked 
DEFENDANT’S EXHIBIT No. 70. 


Q. 76. | hand you a photograph marked 2-1 and ask 
you to describe it? 

A. Taken through the side of the vessel, magnified 
225 times. The charge is made up of one-half of one 
per cent oil mixture and the photograph does not ex- 
tend to the top of the froth. 

fies cCOLL: J offer in evidence photograph 
marked 2-1. 


Photograph admitted in evidence and marked 
DEPEND ANT’S EXHIBIT No. 71. 
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Q. 77. I hand you a photograph marked 3-1 and ask 
you to describe it? 

A. Taken through the side of the vessel, magnified 
225 times. The charge is made up of six-tenths of one 
per cent oil mixture, and the photograph does not extend 
to the top of the froth. 

MR. SCOTT: I offer in evidence photograph 3-1. 


Photograph admitted in evidence and marked 
DEPENDANT ’S EXHIBIT Now7Z. 


Q. 78. [hand you a photograph marked 4-1. 

A. Taken through the side of the vessel, magnified 
225 times. The charge is made up of one per cent oil 
mixture. The photograph does not extend to the top of 
the froth. 

MR. SCOTT: lI offer in evidence photograph 4-1. 


Photograph admitted in evidence and marked 
DEER INIDAN TS EX Ele iie7 3. 


Q. 79. I hand you a photograph marked 8-1 and ask 
you to describe it? 

A. Taken through the side of the vessel, magnified 
225 times. The charge is made up of one and a quarter 
per cent oil mixture. The photograph does not extend 
to the top of the froth. 

“ MR. SCOTT: I offer photograph 8-1 in evidence. 


Photograph admitted in evidence and marked 
DEFENDANT’S EXHIBIT 74. 
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©. 80. J hand you a photograph marked 5-1 and ask 
you to describe it? 

A. This was taken through the side of the vessel, 
magnified 225 times. The charge is made up of one and 
a half per cent oil mixture. The photograph does not 
extend to the top of the froth. 

MR. SCOTT: I offer in evidence photograph 
marked 5-1. 


Photograph admitted in evidence and marked 
DEFENDANTS EXHIBIT 75. 


QO. 81. [hand you a photograph marked 21-3 and ask 
you to describe what it represents? 

A. 21-3 is a top view of the froth. The charge is 
made up of one-tenth of one per cent of oil mixture 
No. 3. 

Q. 82. The photographs which I hold in my hand 
were they of the same tests? 

A. No, no—I beg vour pardon; instead of oil mix- 
ture, this is pine tar oil. The label of the oil it is made 
of is marked wood tar oil. One-tenth of one per cent 
wood tar oil. 

QO. 83. You have stated that this was a top view? 

A. Yes, a top view. 

QO. 84. And these top views are substantially of the 
same size as the original? 

A. Yes, the natural size. 

MR. SCOTT: I offer this photograph 21-3 in evi- 


dence. ae los! 
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Photograph admitted in evidence and marked 
DEFENDANT’S EXHIBIT 76. 


Q. 85. What can you say as to the character of the 
float in that photograph 21-3 which is now designated 
exhibit 76? 

A. It was a very watery froth, and the bubbles were 
not persistent, and it was very tender and easily broken 
down, and disintegrated in a short time. 

Q. 86. Did it seem to carry much mineral or little 
mineral? 

A. It seemed to.carry quite a great deal of mineral, 
it was heavily loaded. 

Q. 87. Was it voluminous or heavy or thin? 

A. No, it was very thin, only a quarter of an inch in 
depth. 

QO. 88. I hand you a photograph marked 22-3; and 
ask you to describe what is there represented. 

A. This is a top view of the froth, the charge made 
up of three-tenths of one per cent wood tar oil. 

Q. 89. What can you say as to the character of a 
froth that was formed in that instance? 

A. The froth was very easily broken down; the bub- 
bles on top disappeared, but the froth was more volum- 
inous than in 21-3. . 

MR. SCOTT: I offer this photograph 22-3 in evi- 
dence. 


Photograph admitted in evidence and marked 
DEFENDANT'S EXEMBIT No. 77. 
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QO. 90. I hand you photograph marked 9-3 and ask 
you what that represents? 

A. This is a top view of the froth. The charge was 
made up to compose four-tenths of one per cent pine tar 
oil. Both of those oils were purported to be the same, 
but the vessel in which one was was labeled wood tar 
oil and the other pine tar oil. 

©. 91. Who was it that stated they were the same? 

A. Mr. Dosenbach. | 

Q. 92. What can you say as to the froth that was 
formed in the instance of this photograph 9-3? 

A. Jt was very permanent and persistent. 

MR. SCOTT: I offer photograph 9-3 in evidence. 


Photograph admitted in evidence and marked 
DEFENDANT'S EXHIBIT No. 78. 


Q. 93. This last one, 9-3, was made with four-tenths 
of one per cent oil?. 

A. Yes, sir. 

Q. 94. The two of the previous ones of the series, 
21-3 and 22-3 were made with respectively one-tenth 
and three-tenths ? 

A. Yes, sir. 

Q. 95. J hand you photograph marked 10-3 and ask 
you to describe what is there represented ? 

A.’ The top view of the froth. The charge was 
made up to compose five-tenths of one per cent of pine 
tar oil. 

Mik SCOT: | offer this photograph 10-3. 
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Photograph admitted in evidence and marked 
DEFENDANTS EXHIBIT Nev 72: 


Q. 96. I hand you photograph marked 11-3’and ask 
you to describe what it represents? 

A. It represents the top view of the froth, the charge 
made up to compose six-tenths of one per cent of pine 
tar oil. 

MR. SCOTT: I offer in evidence photograph 
marked 11-3. 


Photograph admitted in evidence and marked 
DEFENDANT Sri Norse: 


Q. 97. I hand you photograph marked 12-3 and ask 
you to describe what is represented? 

A. Top view of froth, the charge made up to com- 
pose one per cent of pine tar oil. 

ME SCOTT: 1 ofter in evidence photozraph 12-3 


Photograph admitted in evidence and marked 
pePENDANT Ss EXHIB i Nomsir 


Q. 98. I hand you photograph marked 13-3 and ask 
you to describe it? 

A. This represents the top view of froth, the charge 
made up to compose one and a half per cent of pine tar 
oil. 

MR. SCOTT: I offer in evidence 13-3. 


Photograph admitted in evidence and marked 
DEFENDANT S EXHIBIT NowsZa. 
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Q. 99. J hand you photograph marked 14-3 and ask 
you to describe it? 

A. Top view of froth; charge made up to compose 
two per cent pine tar oil. 

MR. SCOTT: I offer in evidence pohtograph 14-3. 


Photograph admitted in evidence and marked 
DEFENDANT'S EXHIBIT No. 83. 


Q. 100. I hand you photograph marked 21-2 and ask 
you to state what it represents? 

A. This represents the side view of the froth taken 
‘through the vessel, magnified 25 times, the charge made 
up to contain one-tenth of one per cent wood tar oil. 

Q. 101. That is this photograph and the following 
ones of the series represent the same tests that were 
pictured in the top views which you have just described? 

A. Yes, sir. The side view of 21 is the same as the 
top view of 21—the same froth. 

O. 102. It corresponds to 21, in the top views? 

A. Yes, sir. 

Q. 103. Will you indicate about where the top of that 
froth comes ? 

A. About there. 

MR. SCOTT: I offer photograph 21-2 in evidence. 


Photograph admitted in evidence and marked 
DEPENDANT S EXHIBIT No. 84. 


Q. 104. 1 hand you photograph 22-2 and ask you 
what it represents? 
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A. Side view of froth taken through the vessel, mag- 
nified 25 times, and the charge made up to compose 
three-tenths of one per cent of wood tar oil. 

Q. 105. You have indicated the top of the froth on 
this picture? 

Pel have, yes, sir. 

MR. SCOTT: I offer photograph 22-2 in evidence. 


Photograph admitted in evidence and marked 
DEFENDAN PSeiaie ll Nomss: 


Q. 106. Now, 21-2 and 22-2 that you have just de- 
scribed are side views of the same froth that was repre- 
sented in the two top views that you described as being 
thin and tender? 

Do hey are: 

Q. 107. I hand you photograph 9-2 and ask you to 
describe what is represented ? | 

A. This is a side view of the froth, magnified 25 
times, the charge composed of four-tenths of one per 
cent pine tar oil. 

Q. 108. You have indicated the top of the froth? 

Ae Winave. 

MR. SCOTT: I offer photograph 9-2 in evidence. 


Photograph admitted in evidence and marked 
DEFENDANT'S EXHIBIT No. 86. 


Q. 109. [ hand you photograph 10-2 and ask you to 
describe it? 
A. Side view of froth taken through the vessel, mag- 
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nified 25 times and the charge is made up to contain one- 
half of one per cent, pine tar oil. 

Q. 110. The top of the froth is about where on that 
picture ? 

A. About through here. That bubble extended up 
on the side of the vessel. 

MR. SCOTT: I offer the photograph 10-2 in evi- 
dence. 


Photograph admitted in evidence and marked 
DEPENDANT ’S EXHIBIT No. 87. 


Q. 111. J hand you photograph 11-2 and ask you to 
describe it? 

A. Side view of froth taken through the side of the 
vessel, magnified 25 times and the charge made up to 
contain six-tenths of one per cent pine tar oil. 

©. 112. You have indicated the top of the froth, have 
you? 

A. Yes, as near as [ can. 

MR. SCOTT: I offer 11-2 photograph in evidence. 


Photograph admitted in evidence and marked 
DEFENDANT’S EXHIBIT No. 88. 


Q. 113. I hand you photograph marked 12-2 and ask 
you to describe it? 

A. Froth taken through the side of the vessel, mag- 
nified 25 times, the charge made up to compose one per 
cent of pine tar oil. 

QO. 114. The top of the froth appears about where as 
near as you can estimate? 
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A. About there. 
MR. SCOTT: I offer photograph 12-2 in evidence. 


Photograph admitted in evidence and marked 
DEMENDANTS EXHIBIT Nov 39: 


Q. 115. IT hand you photograph 13-2 and ask you to 
describe it? 

A. Photograph of the froth taken through the side 
of the vessel, magnified 25 times, the charge made up to 
contain one and half per cent pine tar oil. 

©. 116. You have indicated the top of the froth? 

eoenave: 

MR. SCOTT: I offer photograph 13-2 in evidence. 


Photograph admitted in evidence and marked 
DEEENDAN TS eis! ior oe: 


Q. 117. JI hand you photograph marked 14-2 and ask 
you to describe it? 

A. This is a picture of the froth taken through the 
side of the vessel, magnified 25 times, the charge made 
up to contain two per cent of pine tar oil. 

Q. 118. You have indicated the top of the froth. 

ee Ihave: 

MR. SCOTT: I offer photograph 14-2 in evidence. 


Photograph admitted in evidence and marked 
DEPENDANT Ss cali iNew) 


Q. 119. J hand you photograph 21-1 and ask you to 
state what is represented? 


Butte & Superior Mining Company. 2895 
John Warne Phillips. 


A. Photograph of froth taken through the side of the 
vessel, magnified 225 times and the charge made up to 
contain one-tenth of one per cent wood tar oil. The 
photograph does not extend to the top of the froth. 

Q. 120. That is on account of this being more highly 
magnified, I presume? 

A. Yes—well, it does go just to the top. 

©. 121. The top ends near the top of the photograph? 

Ee YES. 

Q. 122. This 21-1 indicates the froth that you have 
said was thin and tender? 

Ex. Yes. 

MR. SCOTT: I offer photograph 21-1 in evidence. 


Photograph admitted in evidence and marked 
DEFENDANT’S EXHIBIT No. 92. 


Q. 123. [I hand you photograph 22-1 and ask you to 
describe it? 

A. This is a picture of the froth taken through the 
side of the vessel, magnified 225 times, the charge made 
up to contain three-tenths of one per cent wood tar oil. 
The froth extends beyond the edge of the photograph. 

Q. 124. This also is one of the two froths that you 
referred to as being thin and tender, I think. 

A. Yes, sir. 

MR. SCOTT: I offer photograph 22-1 in evidence. 


Photograph admitted in evidence and marked 
DEPENDANT S EXHIBIT No, 93; 
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Q. 125. 1 hand you photograph 9-1 and ask you to 
state what it represents. 

A. Picture of froth taken through the side of the 
vessel magnified 225 times and the charge made up to 
contain four-tenths of 1% of pine tar oil. The froth ex- 
tends beyond the top. 

©. 126. At the top? 

Pomme tne top: yes.sin. 

MR. SCOTT: I offer photograph 9-1. 


Said photograph was admitted in evidence and 
marked DEFENDANT'S EXHIBIT No. 94. 


Q.127. MR. SCOTT: [hand you photograph 10-1. 
Please state what it represents. 

A. Picture of froth taken through the side of the 
vessel magnified 225 times and the charge made up to 
contain one-half of 1% of pine tar oil; the froth ex- 
tends beyond the picture. 

MR. SCOTT: TI offer picture ‘10-1. 


Said photograph was admitted in evidence and 
marked DEFENDANT’S EXHIBIT 95. 


Q. 128. MR. SCOTT: [hand you photograph 11-1 
and ask you what it represents. 

A. Photograph taken through the side of the vessel 
magnified 225 times, the charge made up to contain six- 
tenths of 1% pine tar oil, and the froth extends beyond 
the picture at the top. 

MR. SCOTT: [ offer photograph 11-1. 
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Said photograph was admitted in evidence 
marked DEFENDANT'S EXHIBIT 96. 


Q. 129. I hand you photograph marked 12-1 and 
ask you what it is. 

A. 12-1 1s a photograph of froth taken through the 
side of the vessel magnified 225 times, the charge made 
up to contain 1% of pine tar oil. The froth extends be- 
yond the picture. 

MR. SCOTT: I offer photograph 12-1. 


Said photograph was admitted in evidence 
marked DEFENDANT’S EXHIBIT 97. 


Or 130. I henitl you photograph 13-1. Please state 
what that is. . 

A. Photograph taken through the side of the vessel 
magnified 225 times, the charge made up to contain 
114% of pine tar oil. I think the froth extends to the 
top of the picture. 

©. 131. Looks as if it extended just about to the 
top, does it not? 

Ea Yes, to the top of the picture. 

MR. SCOTT: . I offer photograph 13-1. 


Said photograph was admitted in evidence 
marked DEFENDANT’S EXHIBIT No. 98. 


Q. 132. I hand you photograph 14-1. Please state 
what that is. 

A. i4-1 is a photograph of froth taken through the 
side of the vessel magnified 225 times, the charge made 
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up to contain 2% of pine tar oil and the froth extends 
beyond the picture at the top. _ 
MR. SCOTT: I offer vhotograph 14-1 


Said photograph was admitted in evidence 
marked DEFENDANT’S EXHIBIT No. 99. 


MR. SCOTT: I hand you photograph marked 18-3 
and ask you to state what it represents. 

A. It represents a photograph of top view of froth, 
the charge made up to contain 25% kerosene oil. 

Q. 133. The ore being the Butte & Superior as use: 
in the other experiment? 

A. No, the ore in this case was—yes, the ore in tins 
case was the Butte & Superior ore, the same ore. 

QO. 134. The acid and other elements the same as 
these photographs you have been testifying about? 

A. All the conditions being the same except the 
quantity of oil and the kind of oil. 

Q. 135. You said 25% kerosene? 

A. 25% kerosene oil. 

MR. SCOTT: I offer photograph 18-3. 


Said photograph was admitted in evidence 
marked DEFENDANT’S EXHIBIT No. 100. 


Q. 136. I hand you photograph 18-2 and ask you to 
state what that represents. 

A. 18-2 represents a side view of the same froth 
taken through the vessel magnified 25 times, the charge 
made up to contain 25% kerosene oil and the froth ex- 
tends beyond the picture at the top. 
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Q. 137. Was it a voluminous froth? 
A. Very voluminous froth. 
MR. SCOTT: I offer photograph 18-2. 


Said photograph was admitted in evidence and 
marked DEFENDANT’S EXHIBIT No. 101. 


Q. 138. MR. SCOTT: I hand you photograph 18-1 
and ask you what it represents. 

A. 18-1 represents a photograph of the same froth 
taken through the sides of the vessel, magnified 225 
times and the charge made up to contain 25% of kero- 
sene oil and the froth extends beyond the picture at the 
top. 

Q. 139. I notice in this picture shining spheres. Do 
you know whether they are oil globules or air bubbles, or 
what? 

A. I think they are air bubbles in contact with the 
side of the glass and the particles are shoved over on 
the side. 

Q. 140. The mineral particles? 

A. The mineral particles. 

Q. 141. So these are like air bubbles? 


Q. 142. Merely displaced froth? 

A. Merely displaced foam that is in contact with the 
glass. I would like to state, with 225 magnification, 
that we get very little depth of the froth. We only get 
a picture practically of the plane through the froth and 
consequently when this is photographed right on the 
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froth it comes up against the sides of the vessel and we 
only get the froth right at that point, at the side of the 
vessel. 

Q. 143. You don't get into the background at all? 

A. Don’t get into the background at all, because st 
that diameter or that magnifiication the froth beyond 
soon gets out of focus. Of course we get a little depth, 
but it soon gets out of focus beyond. 

Q. 144. I would like to ask you if you notice in any 
of these other pictures with smaller quantities of oil 
shiny spheres similar to this. 

A. I have, but not so plainly as in this one. 

Q. 145. I wonder if you could pick out some there 
that show it, some with the smaller quantity of oil. 

MR. SCOTT: [ offer this photograph 18-1. 


Said photograph was admitted in evidence 
marked DERENDANT S EXHIBIT No wmlo2: 


Whereupon an adjournment was taken until 2:09 
o'clock p. m. 
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“” 


John Warne Phillips. 
Tuesday, April 24th, 1917, 2:00 P. M. 


JOHN WARNE PHILLIPS resumed the stan] 
for further 


DIRECT EXAMINATION. 
Bx MR: SCOTT: 


Q. 146. I think that before recess J had asked you 
about the appearance of the shiny bubbles in the 25 per 
cent kerosene photograph, and asked you if you had 
noticed the same phenomenon in any of the froths with 
smaller amounts of oil, and I believe this is the one that 
you picked out to illustrate your answer with; what is 
that? 

A. That is 17-1, exhibit 69. 

Q. 147. You may describe again how much oil is 
used in the making of that froth? 

A. It is made up of a charge containing three-tenths 
of one per cent of oil mixture No. 3, and has the same 
magnification as 18-1, 225 times. 

QO. 148. We will find that kerosene picture; is that if, 
18-1? 

Ew, 18-1, yes, Sir. 

Q. 149. Exhibit No. 102? 

EYES, sir. 

Q. 150. You find the shiny bubbles in them both, one 
with three-tenths of one per cent of the mixture and the 
other with twenty-five per cent of kerosene? 

fw) CS, SIT. 
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Q. 151. Please show those to the court? 

THE COURT: Those white specks you mean? 

A. Yes, sir. You see these are the bubbles, and 
those white spots are from the reflection of the light. 

TIHTE COURT: Yes; that is what you are calling at- 
tention to? 

MR. SCOTT: Yes, and the fact that it was in thera 
with both quantities of oil. 

Q. 152. MR. SCOTT: I hand you a photograph 
designated 15-2 and ask you to state what that repre- 
sents ? 

A. This represents a photograph of froth, taken 
through the side of the vessel, magnified 25 times, the 
charge made up to contain two per cent of euca'yptus 
oil. The ore in this case was a mixture of chalcopyrite 
and silica. 

O. 153. Not a natural ore?. 

A. Nota natural ore, but a prepared sample, though, 
of course, both of these substances are natural in na- 
ture. 

QM. 154. I understand. Does that froth extend ta tite 
top of the picture? 

ae NO, 

Q. 155. Mark about where it goes to as near as you 
can discern? 

Pe Abour there: 

MR. SCOTT: 1 offer this photograph 15-2 in evi- 
dence. 


Photograph admitted in evidence and marked 
DEFENDANT’S EXHIBIT No. 103. 
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Q. 156. I hand you photograph 19-2 and ask vou to 
describe that? 

A. 19-2 is a photograph of the froth taken through 
the side of the vessel, magnified 25 times, the charge 
made up to contain one-tenth of one per cent of eucalyp- 
tus oil. The ore used is B. & S. ore. I have marked 
the top of the froth. . 

OQ. 157. Are these markings supposed to Le exaci, 
or approximate? 

A. Approximate. 

Q. 158. Just the same as looking at that jar? 

A. Yes, sir. 

MR. SCOTT: I offer 19-2 in evidence. 


Photograph admitted in evidence and marke 
DEFENDANT’S EXHIBIT No. 104. 


Q. 159. I hand you photograph marked 20-2 aid ask 
you to describe that? 

A. This is a photograph of froth, taken through the 
side of the vessel, magnified 25 times, with a charge 
made up to contain one-half of one per cent eucalyptus 
oil, the ore being B. & S. ore. 

eic). Butte & Superior? 

fe Butte & Superior. 

MR. SCOTT: I offer this photograph in ev:dence, 
No. 20-2. 


Photograph admitted in evidence and marked 
Eee NIDANT’S EXHIBIT No. 105. 
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Q. 161. I show you photograph No. 15-1. Please 
describe it. 

A. That is a photograph of froth taken through the 
side of the vessel, the charge made up to contain 2% of 
eucalyptus oil and the ore in this case was a mixture of 
chalcopyrite and silica; magnified 225 times; and the 
froth extends beyond the picture. 

OP G2 At the top: 

A. At the top. 

MR. SCOTT: J offer this photograph 15-1. 


Said photograph was admitted in evidence 
marked DEFENDANT’S EXHIBIT No. 106. 


Q. 163. MR. SCOTT: J hand you photograph 19-1 
and ask you to describe it. 

A. Photograph of froth through the side of the ves- 
sel with a charge made up to contain one-tenth of 1% 
eucalyptus oil magnified 225 times. The froth extends 
to the top of the vessel. 

MR. SCOTT: I offer photograph 19-1. 


Said photograph was admitted in evidence 
marked DEFENDANT'S EXHIBIT No. 107. 


Q. 164. I hand you photograph marked 20-1 and ask 
you to describe it. 

A. 20-1 is a photograph of froth through the side 
of the vessel magnified 225 times; charge made up to 
contain one-half of 1% of eucalyptus oil, the ore being 
Butte & Superior ore. The froth extends beyond the 
fop of tne vescel: 
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Q. 165. You notice in this picture the shiny spheres 
that I called your attention to in the other picture? 

Ee | do. 

MR. SCOTT: I offer this photograph 20-1. 


Said photograph was admitted in evidence 
marked DEFENDANT’S EXHIBIT No. 108. 


Q. 166. MR. SCOTT: I hand you photograph 19-3 
and ask you to state what it is. 

A. That is a top view of froth, the charge made up 
to contain one-tenth of 1% of eucalyptus oil. 

©. 167. What kind of a froth did that make? 

A. It has a dead surface with a few bubbles on it, 
and not a very permanent froth, tender. 

MR. SCOTT: I offer this photograph 19-3. 


Said photograph was admitted in evidence 
marked DEFENDANT’S EXHIBIT No. 109. 


Q. 168. MR. SCOTT: I hand you photograph 20-3. 
Please describe it. 

A. Top view of froth, the charge made up to con- 
tain one-half of one per cent. eucalyptus oil. 

©. 169. How does that froth compare with the one 
you last referred to? 

A. That was one-tenth of one per cent of eucalyptus? 

O70. Yes. 

A. This is much more permanent and much larger 
bubbles; shows a bubbly surface. 

MRS SCOTT: I offer exhibit 20-3. 
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Said photograph was admitted in evidence and 
marpwedmaO Er NDAN TS Exo No kro 


Q. 171. MR. SCOTT: Please describe photograph 
27-1, 

A. 27-1 is a photograph of froth made according to 
the California Technical Journal of November, 1903, 
but mechanically agitated. 

Orl72Z. In what sont or amacitaton: 

A. In this bar mixing agitator, the same as these 
other oils were agitated, and it had a magnification of 
225 times and was taken through the side of the vessel; 
and the froth extended beyond the picture. 

Q. 173. What was the ore that you used on this? 

A. This is molybdenite ore. 

Q. 174. And what quantity of oil? 

A. The charge was made up of 15 grams molybden- 
ite ore, 150 c.c. of water at 50° C., 2.4c.c. smelter fuel 
oil equivalent to 214 grams, and .4 c.c. sulphuric acid, 
and the agitation was 30 seconds. 

MR: SCOTT: I offer photograph 27-1. 


Said photograph was admitted in_ evidence 
marked DEFENDANT’S EXHIBIT No. 111. 


Q. 175. I hand you this photograph— 

MR. WILLIAMS: JI think I ought to move to strike 
out the statement that it was made according to the 
California Journal of Technology because it appears on 
the face of it that it was not. 

THE WITNESS: The charge is the same. 
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MR. WILLIAMS: I move to strike it out. 

MR. SCOTT: It don’t make any difference how it 
is on the record. 

THE COURT: It may stand. The motion will be 
denied. If it varies the court will not attach any im- 
portance to it. 

QO. 176. MR. SCOTT: I hand you photograph 27-3 
and ask you to describe it. 

A. 27-3 is a photograph of froth. 

Q. 177. The same froth that was shown in 27-1? 

A. 27-1, top view, and the charge is the same, of 
course. 

Q. 178. You said it was the same froth? 

A. Yes, sir. 

MR. SCOTT: I offer this photograph 27-3. 


Said photograph was admitted in evidence 
macked DEFENDANI'S EXHIBIT No. 112. 


Q. 179. MR. SCOTT: Now, 27-2, photograph of 
what? 

A. 27-2 is a photograph of the same froth. 

Q. 180. Shown in 27-1? 

A. Shown in 27-1 and 27-3, but taken through the 
side of the vessel and magnified 225 times. : 

Q. 181. Five diameters? 

A. Five diameters. 

Q. 182. The froth does not extend to the top of the 
mixture? 

A. No, sir. 

MR. SCOTT: I offer photograph 27-2. 
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Said photograph was admitted in evidence 
marked DEFENDANT’S EXHIBIT 113. 


Q. 183. MR. SCOTT: Please describe photograph 
28-2. 

A. 28-2 is a photograph of froth through the side of 
the vessel magnified five diameters and the froth ex- 
tends beyond the photograph. This was made, this 
froth was made in accordance with the Californirc. 
Journal of Technology, Technical Journal, of Novem- 
ber, 1903, and the agitation was by shaking. It is a 
Pictire OF Trot sumilal LO tat 

QO. 184. It is in a vessel similar to the one used for 
this court demonstration? 

A. Yes, shaken in what they call a mixing bottle, 
hand shaken. The charge was made up to 50 grams 
of molybdenite, 150 c. c. of water, 2% grams of smel- 
ter fuel oil and .4:c.c. sulphuric acid. 

MR. SCOTT: I offer this photograph 28-2. 


Said photograph was admitted in evidence 
marked DEFENDANT’S EXHIBIT 114. 


(). 185. Did you mention the temperature? 

me 0)” (C. 

Q. 186. I hand you photograph 28-1 and ask you to 
describe it? 

A. 28-1 is a photograph of the same froth as 28-2, 
only the magnification is 225 times, instead of 25 times 
—15 diameters. The froth extends beyond the photo- 


eraph. 
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Photograph admitted in evidence and marked 
DEFENDANTS EXHIBIT 115. 


Q. 187. I hand you photograph No. 23 and ask you 
to describe fully the procedure resulting in that photo- 
graph there? 

A. Photograph No. 23 is a photograph of bubbles 
taken from froth from a charge containing one-tenth 
ef one per cent eucalyptus oil, Butte & Superior ore. 
The magnification is 20 diameters, or 400 times. These 
bubbles were separated from the froth, and placed in 
tubes containing clear water, and were photographed 
through those tubes. 

Q. 188. Explain that a little more fully; I don’t 
quite understand. 

A. The bubbles were taken from the froth. 

Q. 189. With a spoon or ladle or something? 

A. With a glass tube put down in the froth and put 
your finger over the top and cut out a section of the 
froth, and that tube was put down in a basin of clear 
water again and the tube bent over sideways so as not 
to allow the clear water to enter the tube, and any bub- 
bles that were broken, the sediment would fall to the 
bottom; then I took another tube of clear water and 
transferred some bubbles from that tube, under water, 
into this second tube, in order to get clear water. Small 
corks were put in the end of that tube, and it was 
taken out and photographed. 

QO. 190. And these bubbles were inside of that tube? 
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A. Inside of the tube. You can sort of see the line 
of light of the tube, that line on the photograph. 

Q. 191. And this other line, is that also the tube? 

A. No, that is a sort of reflection of the side of the 
tube. 

©. 192. Everything we see here is inside the tube? 

A. Everything is inside the tube. 

MR. SCOTT: I offer this photograph No. 23 in 
evidence. 


Photograph admitted in evidence and marked 
DEEN DAN Ts Boch I RH, 


©. 193. Please describe photograph No. 24? 

A. No. 24 is a photograph of bubbles made the 
same as photograph 23. The magnification is the same, 
400 times, and the bubbles were taken from froth made 
from a charge containing one-half of one per cent of 


eucalyptus oil. 
MR. SCOTT: I offer photograph 24 in evidence. 


Photograph admitted in evidence and marked 
DEPENDANT S EXHIB Wo, 17 


Q. 194. Please describe photograph No. 25? 

A. Photograph 25 is a photograph of bubbles made 
in the same way, the magnification 400 times. The 
bubbles were taken from froth from a charge contain- 
ing one-tenth of one per cent oil mixture #3. 

MR. SCOTT: I offer photograph 25 in evidence. 


Photograph admitted in evidence and marked 
DEFENDANTS EXRHmsi) ike: 
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Q. 195. Photograph 26, please state what that is? 

A. It is a photograph of bubbles made in the same 
way as the preceding; magnification 400 times. The 
bubbles were taken from a charge containing one-half 
of one per cent of oil mixture #38. 

Q. 196. This is the same oil mixture #3 that you 
previously referred to? 

A. Yes, sir. | 

Q. 197. And the procedure here was the same as in 
these other pictures of bubbles? 

mm lhe same: 

MR. SCOTT: I offer photograph 26 in evidence. 


Photograph admitted in evidence and marked 
Peep DAN) S ExXEIBIt io, 


MR. WILLIAMS: Did you state what the ore was 
in these last four? 

mae WITNESS: Butte & Superior ore, in all 
those bubbles. 

Q. 198. MR. SCOTT: I hand you photograph 29. 

A. It is a photograph of bubbles made in the same 
way, but the magnification is 256 times; 16 diameters. 
The bubbles are taken from froth from a charge con- 
taining one and a half per cent of oil mixture. That 
is not oil mixture #3. 

QO. 199. That is not #3, but the other oil mixture 
you described? 

A. Yes, sir. 

MR. SCOTT: I offer photograph 29 in evidence. 
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Photograph admitted in evidence and marked 
DERENDANT’S EXHIB 120. 


Q. 200. And the ore? 

A. Butte & Superior. 

Q. 201. TI hand you photograph No. 30. Please de- 
scribe it? 

A. Photograph of bubbles made as in the preceding 
photograph. The magnification is 576 times, 24 diam- 
Cicrs, 

(202, the oil? 

A. The quantity of oil was one and a half per cent 
oil mixture; Butte & Superior ore. 

MR. SCOTT: I offer photograph 30 in evidence. 


Photograph admitted in evidence and marked 
DEPENDANT S EXHIBIT i121. 


Q. 203. I hand you photograph No. 31; please de- 
SemDente: 

A. Photograph 31, photograph of bubbles made as 
in the preceding; magnification of 576 times. The bubble 
was taken from froth from a charge containing two 
per cent eucalyptus oil, and the ore used was a mix- 
ture of silica and copper pyrite. | 

MR. SCOTT: TI. offer in evidence photograph No. 
31. 


Photograph admitted in evidence and marked 
DEFENDANT See. Fill p27 


Q. 204. Please describe photograph No. 32? 
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A. No. 32 is photograph of bubbles made as in the 
preceding; magnification 576 times. Bubble taken 
from a charge containing two per cent eucalyptus oil. 
‘The ore used was a mixture of silica and copper py- 
rite. 

MR. SCOTT: I offer photograph No. 32 in evi- 
dence. 


Photograph admitted in evidence and marked 
DEV EN DANITS EXtIB EE Zs: 


Q. 205. I take it that this photograph represents the 
apparatus used for making these froths? 

A. Yes, that is the apparatus used in making these 
froths or most of them. 

MR. SCOTT: I offer this photograph last referred 
to by the witness. 


Said photograph was admitted in evidence 
marked DEFENDANT’S EXHIBIT 124. 


Q. 206. Now, in making these froths represented in 
these photographs, were a large number of each indi- 
vidual photograph made for the purpose of selecting 
or did you go right ahead from one to another, take 
them, we might say, as they came? 

A. We repeated no froth except in the smaller per- 
centages of oil, like one-tenth of 1%. 

Q. 207. Are those the two that you referred to as 
being rather thin and meager? 

A. Yes. I think these froths were repeated about 
three times; but in all others we went straight ahead 
and in no other case was a froth repeated. 
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Q. 208. Simply photographed the first one you 
made with each quantity, with that exception? 

A. Photographed the first one we made. 

Q. 209. Now, if it wouldn’t take too long, I think it 
would be good to state approximately the thickness of 
these different froths. You can designate them by 
your own symbols, that appear on the photographs. 

MR. WILLIAMS: You mean the height? 

- MR. SCOTT: Thickness of the froth. 

MR. WILLIAMS: The height, is that what you 
mean by the term “thickness’’? 

MR. SCOTT: lt may be that your selection on 
language is more accurate. I think of it as ‘““thick- 
ness”. If more pleasing to you we will change the 
form of the question to “height.” 

A. I have the thickness of most of the froths and 
those that I didn’t take, of course I omitted, but I 
thought the photographs themselves would speak for 
the depth of the froth, but I have most of them. Photo- 
graph marked No. 16— 

Q. 210. That would apply to 16-1, 16-2 and 16-3, 
all? 

A. Yes, 16-1 and 16-2 and 16-3. The froth of test 
16 in the photographs 16-1, and -2 and -3, was one 
quarter of an inch thick. The froth from test No. 17, 
as indicated in the photographs 17-1, 17-2 and 17-3, 
the froth was one-half inch thick. In test No. 1, I 
have no measurement of the froth. Test No. 2, repre- 
sented by photographs 1, 2, and 3, the froth was 11-16 
inches thick. In test No. 3, represented by photo- 
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graphs 1, 2 and 3, the froth was three-quarters of an 
inch thick. In test No. 4, representing photographs 
4-1, 4-2, and 4-3, the froth was 13/16 of an inch thick. 
In test No. 5, representing 5-1, 5-2 and 5-3, the froth 
was 11/16 of an inch thick. In test No. 8, representing 
photographs 8-1, 8-2 and 8-3, the froth was 11/16 
inches thick. In test No. 9, representing photographs 
1, 2 and 3, the froth was 3@ of an inch thick, very large 
bubbles. In test No. 10, representing photographs 
10-1, -2 and -3, the froth was 7/16 inches thick. 

In test No. 11, representing photographs 1, 2 and 3, 
the froth was 6/16 or 3% inches thick. In test No. 12, 
representing photographs 12-1, 12-2 and 12-3, the froth 
was one-half inch thick. In test No. 13, representing 
photographs 13-1, -2 and -3, the froth was 6/16 inches 
thick. 

MR. WILLIAMS: Three-eighths? 

A. Three-eighths. In test No. 14, representing 
photographs 1, 2 and 3, the froth was 36 inches thick. 
Test No. 15, representing 15-1, 15-2, the froth was 
three-quarters of an inch thick. Test No. 16, repre- 
senting photographs 16-1, -2 and -3, the froth was 1%4 
inches thick. Test 17, representing photographs 17-1, 
-2 and -3, the froth was % inch thick. Test No. 18, 
representing photographs No. 18-1, 18-2 and 18-3 the 
froth was an inch and a quarter thick. Test No. 19, 
representing photographs 19-1, 19-2 and 19-3 the froth 
was 5/16 of an inch thick. In test No. 20, representing 
photographs 20-1, 20-2 and 20-3, the froth was one- 
half inch thick. Test No. 21, representing photograph 
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21-1, 21-2 and 21-3, the froth was 1% inches thick. 
InMtesemven 22) representing 22-1, 2222) and: 22-5, te 
froth was 5 inches thick. That is all of them. 

Q. 211. In making these photographs have you any 
recollection or record of about the length of time that 
elapsed after the froth formed and before the photo- 
graphic plate was exposed, that is, the intervening 
time between the formation of the froth and the ex- 
posure of the plate? 

Po Wave: 

Q. 212. I don’t know that it is necessary to go into 
detail for each picture, but I would like to know, in a 
general way, the average. 

A. Here is test No. 2. The test—After stirring up 
the mixture we let it settle for about five minutes, then 
we took plate No. 2-1. Say this was 1.30. At 1.30 in 
the afternoon we took plate No. 2-1 and in that case 
we took two pictures, two plates of No. 2-1. The first 
was not long enough exposed. And then at 1.53 we 
took 2-2, and at 2.07 we took 2-3, so these photographs 
were taken in that order just as soon as practicable, we 
took them. First the froth is formed and allowed to 
stand from three to five minutes and then the photo- 
graphs were taken, and were taken of course, 1, 2 and 
3, as soon as possible with a certain interval, some- 
times 5 minutes between the plates, sometimes 10, but 
never over 15. So the time lapsing between the form- 
ing of the froth and the last photograph would be less 
than an hour. 

QO. 213. Somewhere near an hour possibly? 
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A. Somewhere near an hour. But less than an 
hour. 

QO. 214. Can you repeat a few typical instances of 
this, illustrate here in court with the apparatus you 
used? 

A. I think I could. 

MR. SCOTT: If the court will indulge me a mom- 
ent while we get the table in and the little bar mixer, 
we will show a few instances and if the other side de- 
sides any particular one of these that were performed 
we will be pleased to select the one they want. Other- 
wise we will pick out a few ourselves. 

THE COURT: Where have you your supplies? 

MR. SCOTT: They are right upstairs in a room, 
and they have been told and they are all ready to carry 
them right in. 

THE COURT: Very well, have them brought down 
promptly. 

reels. MR SCOIY: What experiment do you 
propose to perform? 

Mest No. 3. 

Take four-tenths. 

216. Of what? 
iierot) mixture. 
217. With what ore? 
Butte & Superior ore. We have a 60 gm. charge. 

Q. 218. Now, Mr. Phillips, if you will describe the 
charge that you have placed in the jar? 

A. The charge is made up of 60 gms. of Butte & 
Superior ore, and of 250 c.c. of water at about 75° F.: 


> IO PO > 
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also 2 drops of copper sulphate solution, which is equiv- 
alent to one-tenth of one pound of copper per ton of 
ore, and sulphuric acid was addded equivalent to eight 
pounds of 60° Be. acid per ton of ore. I will now agi- 
tate the pulp before the addition of the oil for half a 
minute, so as to thoroughly mix the pulp through the 
water, which gives natural conditions. 

(Witness turned on electric motor with small im- 
peller attached. ) 

©. 219. MR. WILLIAMS: At what rate of speed 
—how many revolutions does that impeller run? 

A. I think it is run near 1,800, but I don’t know. 

Q. 220. MR. SCOTT: You may proceed, Mr. Phil- 
lips, and you may investigate that afterwards for -Mr. 
Williams. 

A. Now, in making a one-tenth of one per cent oil 
charge, it requires three drops of oil, so that four- 
tenths of one per cent would require 12 drops of oil. I 
will now agitate the charge again. 

Q. 221. How long are you going to agitate the mix- 
ture? 

A. Jam going to agitate it eight minutes, which was 
the time I agitated the mixtures for the photographs. 

Q. 222. Is it necessary to agitate it that long, do 
you think? 

A. No, in some cases it is not. 

Q. 223. You did that merely for uniformity, I sup- 
pose? 

A. For uniformity. Any time between five and ten 
minutes, or sometimes less would do, but I did that 
for uniformity. 
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A. Eight minutes agitation. 

Q. 224. Now, Mr. Phillips, when that settles a little 
bit I would like to have you show it to the court. Have 
you an extra jar, Mr. Phillips, so we can keep that one 
while we make one with a larger quantity? 

A. I have, yes sir. 

QO. 225. Now, if you will go right ahead, Mr. Phil- 
lips. 

A. In making another one— 

Q. 226. (Interrupting.) I think the largest of this 
series was 114% of the oil mixture, that is, photo- 
graphs 5-1, 5-2 and 5-3? | 

Poe. WILLIAMS: 15. 

meV. SCOTT: 15% of the same ‘oil mix- 
ture, that being .4 of a per cent that you have just 

' made. 

(The witness performs the experiment. ) 

Q. 227. That corresponds, does it, to photographs 
5-1, 5-2 and 5-3? 

A. Yes, sir. 

Q. 228. I mean the charge? 

A. This charge corresponds to photographs 5-1, 5-2 
and 5-3, contains 60 grams of ore, 250 c.c. of water, 
about 75° F., and sulphuric acid equivalent to 8 Ibs. of 
60° Be. acid to a ton of ore, and copper sulphate equiv- 
alent to one-tenth of one pound of copper per ton of 
ore. Agitated one-half minute before the oil was 
added and then added oil No. 3, 42 drops of oil mix- 
ture, No. 3, which is equivalent to 144% of the ore 
added, and the amount of oil which is equivalent to 
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one-tenth of 1% of the ore added. Instead of being 
exactly 3 drops was 2.8 drops by calculation in letting 
a large number of drops flow, so that makes—that 42 
drops of oil equivalent to 114% instead of 45 drops as 
would be in the other case. We agitated it eight min- 
Mies: | 

MR. SCOTT: If there are any details you wanted, 
[ would rather you would ask them and have them put 
on the record, Mr. Williams. 

THE COURT: Any of the aides of any of you 
that desire to examine this of course can step up to the 
edge and do so. 

MR. SCOTT: Mr. Phillips, now for just one more 
of these, can you reproduce one, I think No. 18, with 
250 9on Kerosene: 

Fae ahink So; yes, sir, 

Q. 229. 18-1, 18-2 and 18-3 are of a froth made 
with 25% of kerosene. 

A. Yes, sir. 

Q. 230. You haven’t another one of those jars have 
your j 

A. No, we will have to clean one of these jars. 

MR. SCOTT: After everyone has examined that 
we can throw one of those out. 

Q. 231. Referring to this last demonstration, Mr. 
Phillips, with 114% of that oil mixture, J understood 
you to say before that you adopted a uniform period of 
agitation of about eight minutes? 

A aesesii. 

Q. 232. You did that simply for the purpose of com- 
parison of the different froths? 


: 
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Be Y6és. 

QO. 233. Would you regard this one that you have! 
just made as requiring that long agitation to make a 
froth? 

A. I should not. 

©. 234. If it had been your aim to carry out the 
operation most efficiently would you have adhered to 
that eight minutes? 

A. I would not. 

QO. 235. You wanted to explain something about the 
oil mixture. In these photographs it is oil mixture, the 
second one you described? 

Ee Yes. 

QO. 236. Not the No: 3, but the other one. 

A. Not No. 3. And in this experiment only No. 3 
was used. 

Q. 237. That was because it was available or why? 

A. That was because the other oil mixture was not 
available. 

MR. SCOTT: Will you empty one of those jars? 

MR. WILLIAMS: Empty the one with the 14%. 
We would like to keep the one with the four-tenths per 
cent, although we would like to keep them both. 

MR SCOTT: Take the 25% of kerosene test, No. 
18, that will be all I will ask you to do. 

QO. 238.+ Is this the same apparatus that you used in 
the test for the photographs? 

A. This is the same apparatus that we used for a 
part of them and the other part I used an apparatus 
similar to that, but it,is in Chicago. 
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MR. WILLIAMS: While we are waiting, have 
you any accurate data which will enable you to tell us 
the speed of rotation of that impeller when it is in oper- 
ation ? 

MR. SCOTT: Is it marked on the machine, Mr. 
Phillips? Sometimes they are. 

MR. PHILLIPS: No, it does not give the speed. 

MR. SCOTT: And the diameter of the impelleras 
about three-quarters of an inch; is that right? 

A. It is. 

Q. 239. Is this going to be eight minutes, too? 

A. No, a half minute now to mix it up. 

Q. 240. But finally, I mean? 

A. Agitated four minutes, the same as the last, the 
one in the photograph. 

Q. 241. Make it the same then, four minutes. 

Q. 242. You may describe the charge you have put 
in the jar? 

A. 60 gms. of Butte & Superior ore, 250 c. c. of 
water, copper sulphate equivalent to one-tenth of a 
pound of copper per ton of ore; sulphuric acid equiva- 
lent to eight pounds of 60° Be. acid per ton of ore; and 
Zo per cemtsot kerosene. 

Q. 243. Reckoned on the weight of the ore? 

A. Reckoned on the weight of the ore. The kero- 
sene is of the specific gravity of .815, which would be 
equivalent to 18.4 cubic centimeters of oil. We will 
agitate this four minutes, as I have a record of four 
minutes for this mixture. 

MR. WILLIAMS: Do you know the Baume meas- 
urement of that kerosene? 
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A. No, I do not. 

(Agitating machine was run for four minutes. ) 

MR. WILLIAMS: On behalf of the plaintiff I 
would like to test that apparatus that he used in court. 

MR. SCOTT: For speed, you mean? 

MR. WILLIAMS: We would like to do some of 
these things with it. 

MR. SCOTT: All right. 

(1). 244. Do you find, Mr. Phillips, that this 25 per 
cent of kerosene froth is made up of bubbles or not? 

A. Ido; I find it is made up of bubbles. 

Q. 245. How about the one you made with one and 
a half per cent—that is gone, but you remember it I 
guess. This one is the four-tenths of one per cent. 

A. I think it was made up of bubbles also. 


CROSS-EXAMINATION. 
pe MR. WILLIAMS: 


X-Q. 246. In the three experiments you did in court 
you added sulphate of copper, was it? 

A. I did. 

SEO. 247. Did you do that in all the other experi- 
ments? 

Ee All the other experiments. 

X-Q. 248. So that every experiment that you have 
described here, in addition to what you described in 
your testimony, you used sulphate of copper? 

A. I think I did. I think I outlined my charge at 
the first and all these experiments were made prac- 
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tically on the same charge with the exception o7 the 
quantity of oil changing and the variety of oi!. that 
the charge was 60 grams of ore, 250 c. c. of water and 
enough copper sulphate to be equivalent to one-tenth of 
one pound of copper per ton of ore, and enough sul- 
phuric acid to be equivalent to 8 pounds of 60° Be. sul- 
phuric acid per ton of ore, and then I| agitated that 
mixture for one-half a minute so as to thorqughly 
moisten the pulp so that we would have the condition in 
the test as would prevail in the mill, and then added 
the oil and proceeded to the agitation from the addi- 
tion of the oil, not taking into account the half minute 
used in stirring up the pulp in the time of agitation. 

X-Q. 249, And in all these operations did you put 
the stirrer down to the bottom of the jar as you did 
those that were done in court? 

A. 1 did. [ operated the apparatus as I thought it 
was constructed to be operated. That is automatic, 
when you shove it down it makes contact: when you 
draw it up it disconnects. 

X-Q. 250. So that when the mallee enters the pulp 
it is rotating at its maximum speed and when it left the 
pulp it was rotating at its practically maximum speed? 

A. | wouldn’t say “maximum speed,” but it was ro- 
tating on entering the pulp and on leaving the pulp. 

X-Q. 251. That is, the apparatus is so arranged 
that, as you push it down it commences and starts up? 

oo it startseup: 

X-Q. 252. Kd as vou lift it up tt disconnects at some 
: 


point 
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A. It does. Supposed to be automatic in action. 

X-Q. 253. That, of course, having been designed 
for the purpose of facilitating the mixing of drinks? 

Be Yes; sir, it was. 

X-Q, 254. And the ores that you used today, what 
was that ore? You just described it as Butte & Su- 
perior, but you didn’t speak anything of its condition. 

fe butte & Superior, it was mill run No. 2. It 
contains 16% of zinc and 6% on an 80 mesh screen 
and 60% through a 200 mesh. 

X-Q. 255. And is it ore that has been through the 
water concentration process and the tailings of that 
process or is it a raw ore ground up? 

A. I! really can’t answer on that. I do not know. 
Mill run No. 2—I don’t know. 

X-Q. 256. You don’t know it except by that name? 

A. I! know it by that name and J know it by that 
composition. 

X-Q. 257. Now, in several of these experiments you 
used something which you said was labeled “wood tar 
oil’ and in others you have used something that was 
labeled “pine tar oil.” What knowledge have you as to 
the oil itself? 

A. I just took the—practically had no knowledge as 
to the composition of the oil itself. I didn’t test the oil 
as to its composition, but I understood that in this case 
the wood tar oil and the pine tar oil are very nearly the 
same. 

X-Q. 258. What is the basis of that understand- 


ing’? 
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A. I think it would be some—I can’t answer. 

X-Q. 259. Weil, were you so informed? 

A. I was so informed, and the odor, etc., would so 
indicate it. 

X-Q. 260. And who informed you? 

A. It was sent to us in Chicago from the Butte & 
Superior Mining Company and the can was labeled 
eine Var Oil” 

X-Q. 261. And the other one, the wood tar oil? 

A. By the way, I have a sample of these oils, both 
the pine tar and the oil mixture. 

X-Q. 262. Let us have a specimen of each. Have 
you the oils that you used in these photographs? We 
already have had specimens of what you used in court. 
Will you let us have specimens of the other? 

i eecat: 

X-Q. 263. As soon as your deposition is completed 
please hand them to Mr. Higgins. And this eucalyptus 
oil, where did that come from? 

A. I purchased it at a drug store here in Butte. 

X-Q. 2631%%. And how was it designated? 

A. Eucalyptus oil. They said it was California oil 
and it had a specific gravity of .925. 

X-Q. 264. And you have a specimen of that, of 
course? 

A. Ihave a specimen of that. 

X-Q. 265. Do you know whether it was Eucalyptus 
Amyegdalina? 

A. I donot. They said it was California eucalyptus 
and not the Australian. 
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X-Q. 266. Now, you had a made-up ore of Stcopy- 
rite and silica, can you let us have a specimen of that? 

A. I can not, no sir. 

X-Q. 267. You did not give us a composition of 
that ore? 

A. J just made that up for my personal experiment 
is all. It was made up of a very nearly pure chalcopy- 
rite ground fine and just mixed with pure fine ground 
silica, about 6% each, and that was only made in a 
small quantity and I have no sample of that. 

X-Q. 268. Chalcopyrite is, of course, sulphide of 
copper? 

mn. Yes. 

X-Q. 269. And that is a metalliferous mineral? 

Ee CES. 

X-Q. 270. And silica is one of the usual gangue? 

A. One of the usual gangue. 

X-Q. 271. Now, the magnification which character- 
ized your photographs numbered 1 and 2, were 15 
diameters and five diameters? 

Ee Yes. 

X-Q. 272. Now, you would characterize that as 
enlarged 15 times and enlarged 5 times, wouldn’t you, 
in the ordinary course of events? 

A. No, sir. That would be enlarged—the diameter 
of the enlargement would be according to the square 
of the diameters on account of the area, having two 
dimensions. 

X-Q. 273. That is to say, comparing one man three 
feet high and another six feet high, the man six feet 
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high would be four times as large as the man three 
feet high; is that right? 

A. I would rather take another illustration, if | 
may. If you measure one side of this table as two 
feet, 14 the table is two feet square and you add two 
feet more on the side of the table, that table has 16 
square feet, dont you see, instead of four. That is the 
area of the surface. So the magnification in that way 
increases it two diameters, which makes the area four 
times as big, which is the square of two. And so the 
magnification in this case would he the square of 15 
quid theysqtiare 01 7a: 

X-Q. 274. Well, 1f you had a mechanical drawing 
and you made all the dimensions one-half vou would 
call it “half size,” wouldn’t you? 

IN Onli Wells Size. 

X-Q. 275. And then it would be one-fourth the 
area? Is that right? 

A. It would be one-fourth area. 

X-Q. 276. The fact is that the dimensions were 
only magnified 15 and 5 times, the dimensions? 

A. [| hadn’t thought about the other. In making 
drawings we are dealing with lines which only have 
one dimension, and when you make it half size you 
make the line half as long, you see, and this is making 
a line half size, and you divide the area by one-quarter. 
so one-half an inch has onlv one-quarter of the area 
that an inch has. 

X-Q. 277. {[ think that that is sufficiently clear, but 
as a matter of fact all of the dimensions in that number 


one are increased fifteen times ? 
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A. All the linear dimensions, yes, but the areas are 
mmereased 225 times. 

X-Q. 278. And all linear dimensions in the others 
are increased five times, although the dimensions are 
increased 25 times, the square of five? 

A. Yes, sir. 

X-Q. 279. J suppose vou did this work under the 
direction of some one? 

A. Well, no, sir, ] did the work myself. 1 made 
all the tests and measurements as [ did here, and | 
had the photographer right there with me, and he made 
the photographs under my direction, and J marked the 
plates in the dark room as soon as they were exposed, 
and he developed them and did the printing. 

X-Q. 280. I thought you said Ne. Dosenbach helped 
you? 

A. No, sir; I don’t remember saying so. 

X-Q. 281. Who laid out the plan of operation for . 
your 

A. Mr. Hoskins and [ together talked over the 
plans. 

X-Q. 282. You received the plans, did you? 

A. I suppose Mr. Hoskins did—as J understand it, 
[ think the idea is Mr. Hoskins’. He did not receive 
any plans of these tests at all. 

X-Q. 283. As far as you know you did them along 
the line of Mr. Hoskins’ plan? 

fe Yes, Sir. 

X-Q. 284. What was the highest percentage that 
you used of the wood tar oil or the pine tar oil? 
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A. J think two per cent. 

X-Q. 285. And the highest percentage you used of 
those oil mixtures ? 

A. One and a half per cent. 

X-Q. 286. Where did you get the kerosene from that 
you used in your experiments? 

A. I got it upstairs in the laboratory in a bottle. 

X-Q. 287. I mean when you photographed? 

A. At the same place. 

X-Q. 288. It was sent to you? 

A. No, sir, it was in the laboratory in this building, 
upstairs. 

X-Q. 289. When you made the photographs? 

A. Yes, sir. 

X-Q. 290. Were the photographs made in this build- 
ing? 

A. Some of them. [ think it is the same kerosene 
that I used in the experiment here—out of the same 
bottle. 

%-O271=) Whis is the kerosene that was in the 
laboratory of the defendant; it was in the laboratory 
of the defendant that you got it? 

A. In this laboratory in this building, yes; but 
whether it was in their other laboratory I don’t know. 

MR. WILLIAMS: ‘That is all, unless, after testing 
the apparatus we find that we may want to ask a few 
more questions for further enlightenment. 
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R-Q. 292. Do you think, Mr. Phillips, that it makes 
any difference whether this agitatfon is running at the 
moment it enters the pulp and at the moment it leaves 
the pulp? 

A. J don’t think it does; [ think it makes no differ- 
ence. 

R-Q. 293. lf Peiceducsicd to, are you willing to 
repeat these experiments and stop the agitator before it 
leaves the pulp and not start it until after it enters 
the pulp? 

fe | am. 


WITNESS EXCUSED. 


FRANK R. WICKS, recalled, testified as follows: 
DIRECT EXAMINATION, 
ee MR. SCOTT: 


QO. 1. Mr. Wicks, you have informed me that there 
were some errors in the tabulation which you produced 
and which is in evidence as exhibit 28, “Chino Copper 
Company, record of flotation operations for the treat- 
ment of slime vanner tailings.” 

ime Yes, Sir. 

Q. 2. You may state what these errors are, but be- 
fore you do that and give the corrections, you may ex- 
plain how they occurred? 
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A. The errors were made by the clerical department 
in making up the statement, and they were not dis- 
covered until after we checked them over here, so that 
we went through and re-compiled the entire statement. 
[ did that personally. 

O. 3. You had the figures to make the corrections 
from? 

A. Yes; we brought them with us. 

Q. 4. What was the nature of the first error that 
vou Teler toe 

A. ‘he first error here is in the first coli 
under “weight, dry tons’; the figure on the fourth line. 
8065, was added in the total twice, so that that 
changes the total of that column by the amount of 8065. 

Oo.) VV tat is the corect toralithien: 

A. 2,064,070 is the correct total. 

©. 6. And the next particular in which there is an 
erroneous statement here? | 

A. In the next column, under the heading of “‘aver- 
age daily tonnage” we made one or two changes; for 
instance, the first figure was given as 410, and we 
figured 573. 

Q. 7. What did you figure that from? 

A. The number of days shown there, 15 davs, and 
the total weight treated during the time was 8600 tons. 

Q. 8. It was simply a question of division? 

A. Yes, sir. 

Or 9 Wihat next: 

A, Do you wish me to enumerate each of the changes 


as | go down? 
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Q. 10. You can do it in the way that is most con- 
venient for you? 

A. There were a great many of these figures that 
did not enter into the original record: will it be neces- 
sary to repeat each one of them? 

Q. 11. Well, you can state what the corrections 
mee in the exhibits? 

A. In the same column, the fourth line, 979 should 
Pe 1251. 

ic. How did that error occur: 

fe in the same manner: it was an error in taking 
the number of days. 

QO. 13. ‘An error in computation ? 

A. Yes, sir. The average daily tonnage shown for 
Mie year 19015, reported as 1179, should have been 
1812. All of these errors occur in taking the wrong 
number of days to figure against; they are really im- 
material. 3,048 shown for the second quarter of 1916 
should have been 3,081; and the average of our opera- 
tions to date, as shown at the bottom of that column, 
2999, should have been 3127. 

©. 14. The difference in the average arising from 
the change in the figures you have mentioned? 

fee ces, sit. Now, the next column “assay per 
cent copper.” When we were making the corrections 
we thought best to change the averages from ordinary 
numerical averages to calculated averages, because the 
eaiculated averages are more nearly accurate. 

O. 15. Explain the difference between them? 
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A. For instance, the average of any one quarter 
or for one year, or for any actual part of the time, 
sometimes it is accurate enough if we arrive at the 
average arithmetically, if we simply add up the column 
and divide by the number of items. But that is not 
always quite accurate, because, for instance, we might 
have 100 tons of two per cent ore and ten tons of one 
per cent ore, so we could not very well add up the 
one per cent and the two per cent and take a numerical 
average of one and a half per cent, but we can take 
the calculated average, taking into consideration the 
totals, which is more accurate. 

Q. 16. And you changed that column in the assay 
ber cent of copper in the manner you have indicated ? 

A. Yes, sir. 

Q. 17. Does it change the average? 

A. No, sir; it changes the average for 1915, which 
was shown as ./98, and it is now changed to .78. In 
the first quarter of 1916, which is the figure following 
that, .88 is changed to .89. The third quarter of 1916, 
.86 is changed to .82, and the average for the year 
1916 is changed. from .84 to .83, and the average for 
the first quarter of 1917, the last figure in the column, 
is changed from .75 to .74. The average of the entire 
column is changed from .814 to .804. 

Now, Mr. Williams has called attention to certain 
errors in the tonnage in the first column, which is 
headed “flotation concentrates, weight, dry tons.” I 
find that in making that up that in some way they got 
the tonnage of the rough concentrate during that period, 
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instead of the tonnage of the finished concentrate—or 
at least during a portion of the period, so that we are 
changing the total tonnage for the fourth quarter of 
1915 from 20,842 to 2,874. The figure following that, 
which depends on that, is changed from 23,285 to 
4.889; and the next figures, 3915 is changed to 2952, 
which applies to the first quarter of 1916. The figure 
shown for the fourth quarter of 1915, 3668 is changed 
to 3676. Of course the year is changed from 13,945 * 
to 12,990, and the total of the column is changed from 
41062 to 21713. 

Now, in thé next column we made a few minor 
changes, not particularly important, but I will enumer- 
ate them. For the period July 13th to 23rd, inclusive, 
the figure shown as the assay per cent copper of flota- 
tion concentrate 4.90, is changed to 4.23. The third 
quarter average is changed from 16.93 to 16.99. Those 
averages are being changed, as I said, because of using 
the geometrical or calculated averages instead of the 
arithmetical averageS. The first figure of the fourth 
quarter is changed from 23.08 to 23.43; the next figure 
is changed from 22.06 to 19.95. 

Pweeror tie dirst quarter of 1916, 21.27 is changed 
forziei3. The next tigure, 27.03 to 27.35. The next 
one, 28.07 to 29.64. The next one, 29.53 is changed 
fo 29.64. The average for the year 1916 is changed 
from 26.48 to 26.47. The last figure in the column, 
which is the average for the first quarter of 1917, is 
changed from 28.63 to 28.47 and the average for the 
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entire columimr is chanced from 24175 to 25.302. you 
will notice that there are no changes in the dates in 
which the special ones were made because that was 
not effected. [Flotation tailings, assay per cent. cop- 
per for the third quarter is changed from .47 to .48. 
Wnemirext figure from .54 fo .36, and the mext teu 
from .54 to .56 which is the same. The next one, .67 
is changed to .68. The average for the column is 
changed from .539 to .543. Now, there was just one 
more column, “‘Flotation tailings per cent. indicated 
recovery. he average recovery for Niay | to723e 
given as 23.01, is changed to 21.40! For the period 
July 13 to 23, 30.37 its changed to 30.73,  Whesnexs 
figure, 35.35 is changed to 34.88, he next one 
from 35.72 is changed to 28.81, and the average for 
the year 1915 is changed trom 33.1/8*to 29.32.” (he 
first quarter of 1916 is changed tron 23.92 to 24575 
The mext one, 33.43, changed to 34.36. The nes 
one, 35.94 to 35.68. The next one, 37.59 is changed 
to 37.39, and the average for the year 1916 1s changed 
trom 33.27 to 33.05. “Thesaverage for the first quaris 
of 1917 is changed from 37.87 to 37.84, and the aver- 
age of the column is changed from 34,553 to 33.139. 
Just one other little change in the quatity of oi] used 
during the year 1915 given as 1.04 pounds per ton, 
is changed to 1.06 pounds per ton. I believe that covers 
all the changes made. 

Q. 18. These changes in the column} headed “Per- 


centage of Indicated Recovery,” how did they arise? 
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A. Those are also due to the changing from the 
arithniatical to the calculated average. 

Q. 19. And the errors that you pointed out in the 
column “Assay Per Cent. Copper’? 

A. Of flotation tailings ? 

20. Yes. 

Pe ihe same is true of that. 

Q. 21. The change from the arithmatical to the 
calculated average? | 

A. Yes, sir. 

Q. 22. J think Mr. Williams asked you when you 
were on the stand before to compile for April 4, the 
total amount of oil percentage, or the total amount of 
oil relative to the total tonnage that was in the ore 
including both circulating and original oil, and ore. 
That was my understanding of his question? 

ewe yes | have my figures here on that. { will: 
read them. They will afford an explanation of the 
manner in which that is compiled. The dry tons of 
‘initial feed treated during that 24 hour run on April 
4th was 3250 as is shown on this statement. The 
measurements of the circulating load show 8053 wet 
tons of material circulating in the 24 hours. The 
solids in that circulating load were found to be 6.23%. 
You will remember that | gave you a figure of 6.00 
and 6.5% copper for the average of the two taking 
into consideration the difference in tonnage, figures 
to be 6.23%. They therefore calculate that there were 
502 dry tons in the circulating load. This amount, 
added to the initial feed would be 3782 tons, dry tons 
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of total feed in the plant. We added a total amount 
of oil of 26330 pounds. This is equivalent to 8.1 
pounds on the initial feed. Or, if it is figured, the to- 
tal feed would be equivalent to 7.0 pounds per ton. 
Now, the total pounds of oil circulating, which is 
determined by analyzing the wet circulating load, was 
10495 pounds of oil circulating during the 24 hours. 
That circulating oil is equivalent to 3.20 pounds per 
ton of initial feed, or it is equivalent to 20.0 pounds 
per ton of the circulating feed, or figured avair-+ * 
total feed, that *¢ *h 
P. 2938, L. 14, insert “of imifi 
total oil,” after “ ton 


al feed is 118 pounds and the 


- «ual iuiat state- 
jo» ue taken one way or another. The head- 
ings are not particularly lengthy and it might possibly 
lead to some confusion; but with that statement that 
ought to make it clear. 

OAS, Wairanates into account, Mr. Wicks, the circulat- 
ing oil with the amount stated of initial oil pounds per 
ton for March 13, 14, 21 and 27, represents more ore 
than the total amount of oil of all kinds per ton of ma- 
terial in the machine, of all kinds, both circulating and 
original ? 

A. Well, if we figure the total oil against the total 
feed on those days I am quite positive that the pounds 
of total oil per ton of total feed would have been con- 
siderably greater than that, because we find that the 
amount of oil in the circulating load per ton of the 
material in the circulating load is equivalent to two and 
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a half times the figured which would represent the in- 
itial oil, per initial ton. That is a little hard to figure, 
but if it is not clear, I can explain it further. 

Q. 24. You mean that the middlings carry a con- 
siderably greater proportion of oil than is actually sup- 
plied to the initial feed? 

A. Yes, sir. That ratio that we have established 
from what tests we have made would apply, for ex- 
ample on the 13th of March, on which day we had 24 
pounds of initial oil per ton of actual feed; we would 
have, for every ton of circulating load on that day, 
we would have from 48 to 60 pounds of oil per ton of 
circulating feed. Do you see? 

Q. 25. In other words, the circulating feed carried 
more oil than is supplied to the original feed? 

A. Yes, sir. ; 

Q. 26. And that excess brings the total average up? 

pee Yes, Sir. 

QO. 27. I think you were asked when on the stand 
before to give some information as to the operations 
on November 18th, 19th and 20th of 1916, which are 
set forth on exhibit 26, “Chino Copper Company, Rec- 
ord of Flotation Operations and Retreatment of Van- 
ner Concentrates’? 

A. Yes, sir, I have some figures here on that. On 
November 18th, 19th and 20th Mr. Williams asked me 
to give him the exact percentages of different kinds 
of oil used on those days. Now, the original records 
show that on November 18th we used 3985 pounds of 
Barrett’s No. 4 creosote and 225 pounds of Jones oil, 
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no other oil was used. On November 19th, we used 
4025 pounds of Barrett’s No. 4 creosote and 200 
pounds of Jones oil, and no other oil was used. On 
November 20th we used +500 pounds of Barrett’s No. 
4 creosote and 330 pounds of Jones oil. You also asked 
me im connection with that to give you the percentage 
of the oils used on the 25th of November, which was 
a day during which we used 26.14 pounds of oil per 
ton of initial feed. On that day we used 4570 pounds 
of Barrett’s No. 4 creosote and 240 pounds of Jones 
oil. On the 18th, 19th and 25th the proportion was 
approximately 95% of the Barrett's No. 4 creosote and 
5% of the Jones oil. On the 20th the proportion was 
93% of Barrett’s and 7% of Jones. 

©. 28. Did you state how the errors arose in the 
column ‘Flotation Concentrate Weights, Dry Tons” 
in this exhibit 28? 

A. Yes, sir. In making that up, they included a 
tonnage of rough concentrate instead of a tonnage of 
finished concentrate. 

Q. 29. Have you a corrected table embodying these 
corrections which you have pointed out? 

ee Y 5 oii 

Q. 30. Of which you have extra copies? 

A. Yes, sir. I would say that Mr. Wiser and | 
compiled this statement, each of us performing prac- 
tically all of the operations in order that we would 
both ‘satisfy ourselves that it was correct, but Mr. 
Wiser signed the statements because he signed the 


first copy or the original statement. 
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31. The one that was put in evidence before? 


Yes, sir. 


iO FeO 


32. But you have calculated these corrections 
from original data, [ understand? 

mm Yes, sir. 

her. SCOTT: Then I will offer this corrected state- 
ment. <Any objections? 

MR. GARRISON: The same objection; our stand- 
Ing objection only. 


The statement was admitted in evidence and 


Marked DEPENDANT’S EXHIBIT 125. 


Pee SCOTT: That will be all. Have you any 
cross examination? 
MR. WILLIAMS: Just one or two questions. 


Cees> Ex vINATION, 
By NMR. WILLIAMS: 


X-Q. 33. Mr. Wicks, in your table of ‘Flotation 
Operations on Retreatment of Slime Vanner Tailings” 
under the heading of January 7, 1917, you state the 
assay per cent of copper to be 22.47. My caiculators 
estimate, upon figures you have given us, the amount 
of copper should be 5.13. The discrepancy is so large 
that I will ask you to give it careful consideration, 
and, down that column I may say that every item 
of calculated assay is variant from your given assay, 
upon the figures given, although that is the most 
striking one. 
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A. I am not certain that I have that one written 
up. J have no figures here that will enable me to 
give you that. 

X-O. 34. Well, with that suggestion of criticism 
on my part will you do as you did before, go over 
your figures very carefully? 

A. I will have to send for the figures on that. 

X-Q. 35. These are the computations that come 
from figures that you gave as to the recovery, in- 
cluding heads and tails and the discrepancy is so large 
that I think it ought to be explained. 

A. All right. 

X-Q. 36. Now, J asked you to furnish working 
drawings of the Janney machine. Are you able to do 
that now? | 

A. I made a request for them, but I didn’t get 
them, yet. 

MR. WILLIAMS: That is all for the present. If 
have got to go over these recalculations and will just 
postpone further cross examination. 

MR. SCOTT: Our next witness will be Professor 
Taggart. 

MR. WILLIAMS: I assume you do not care to 
put Dr. Sadtler back? 

MR. SCOTT: I thought we would get all of the 
data that he is supposed to comment on, so as not to 
break his testimony again, as I was obliged to do be- 
fore, in order to fill up the time. 
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PROF. ARTHUR FAY TAGGART, a witness called 
on behalf of the defendant being first duly sworn 
testified as follows: 


De ee CAVIEN AT ION, 
Pe MR. SCOTT: 


1. Fofessor Taggart will you state your full 
name, please? 

A. Arthur Fay Taggart. 

Q. 2. Will you state your education and experience 
in relation to mining and metallurgical matters? 

A. I went to college, Stanford University, and 
hold a degree of Bachelor of Arts and the degree of 
Engineer of Mines from that university. Since gradua- 
tion J have worked in various mills and done some ex- 
amination work in foreign countries and for the last 
five years I have been instructor and assistant profes- 
sor of mining engineering at Yale University and a 
consulting engineer associated with J. F. McClelland 
and L. W. Bahney at the same address. 

©. 3. Have you any connection at the present time 
with mining operations or mining interests? 

A. None at all other than as consultant. 

QO. 4. And how did you happen to become inter- 
ested in flotation? 

A. As a matter of academic interest rather than 
any other. It is more or less incumbent upon a uni- 
versity to keep abreast of the times, and when the dis- 
cussion of flotation and the use of flotation became 
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broad, it was immediately up to us to try to find out 
what we could about the subject. 

Q. 5. Were there any formal actions or conferences 
in the university on the subject? 

A. The question of flotation seems to invglve con- 
siderably more physics than is included in, working 
knowledge of the average mining engineer and we 
thought in conference in the Mining Dianne. that 
it would be well to get im touch with Physics De- 
partment and try to get the Physics Department to 
supply the requisite knowledge of physical phenomena, 
while the mining department could supply the ques- 
tions and point out the particular lines of research and 
that then a member of the physics department and 
myself could work together along this particular line. 

Q. 6. Did you mention at the beginning of your 
testimony of your having had practical mining and 
‘metallurgical training? 

Peeeieliave liad. 

O. 7. You stated the facts as to your practical) Ge 
perience, did you? 

ee coe did. 

Q. 8 You did not state where, did you? 

A. J have worked in the mill of the Nevada Con- 
solidated Mining Company at McGill, Nevada, and in 
the mill of the Montgomery Shoshone Mining Com- 
pany at Rhyolite, Nevada. I worked in both those 
mills as an operator of various kinds of metallurgical 
machinery, and ] have assisted, with my associates, in 
the designing of three or four kinds of metallurgical 


Butte & Superior Mining Company. 2945 
Prot. Artur hay Dageart. 


plants, that work consuming a considerable portion of 
my time for the last thtee or four years. 

Q. 9. Through how long a period has your investi- 
gation of the flotation process extended? 

A. About two years. 

Q. 10. Have you come to any conclusion as to 
what are the essentials in this so-called agitation-froth 
flotation process? 

A. First, we must agitate and aerate a pulp with 
some reagents which will absorb at the gas-liquid 
and at the solid-liquid surface? and after such agitation 
and aeration the pulp should be allowed to pass to some 
point, a box or cell, where the bubbles which have been 
beaten into or passed through the froth can rise to 
the surface of the mixture, carrying with them the load 
of solid matter, which ordinarily is the sulphide that 
it is desired to separate. The ordinary reagents used 
are oils or some fatty substance, acids or alkalis. The 
ores usually treated are those consisting of a sulphide 
or occasionally some other materials of adamantine or 
metallic luster, and a gangue consisting of some rock 
not having the adamantine or metallic luster, and or- 
dinarily valueless. 

mel, Have you come to any conclusion as to what 
the function of the oi] is in the agitation froth flotation 
process? 

A. The oil seems to have two functions; first, to 
aid in the formation of a stable froth; second, to act as 
a selective agent for the separation of the sulphide 
from the worthless rock—and J hope that throughout 
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the subsequent discussion the word sulphide will be 
taken to include such other few minerals as there 
are, which are not sulphides, and which yet are amen- 
able to concentration by flotation. Graphite is one 
which is obviously not sulphide, and yet is so amen- 
able. 

Q. 12. Can you state in what way oil aids in the 
formation of a stable froth? 

A. It acts in three ways I believe. It acts first, 
to reduce the surface tension coe water with which 
the ore is mixed. It also, by aksorption or concentrat- 
ing at the surface of the bubbles, within the pulp, forms 
a film, at the contact of which with the water in the 
pulp, there is formed an interface which is markedly 
more viscous than either the oil or the water or the 
mixture of the two. Finally, the oil will vary in con- 
centration in the bubble_film jn such a way as to allow 
the bubble film to ee anne to external forces. 
In those three ways oil aids in the production of a 
stable froth. 

QO. 13. Is there any simple experiment by which 
you could show, visually, that the oil does in fact re- 
duce the surface tension? 

A. There is. Would you like me to perform it now? 

Q. 14. There will be time enough, won’t there; it 
will only take a few minutes? 

A. I think so, yes. 

M. 15. I will have the things gotten for you. Mr. 
Dosenbach knows where they are, does he? 

A. Yes, Mr. Dosenbach knows. 
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Q. 16. You might describe this experiment in ad- 
vance? | 

A. I wonder if I might have the blackboard. I am 
rather accustomed to working with a blackboard. 

Q. 17. There is one here; you may step to the 
blackboard. 

A. (Drawing) This particular experiment that I am 
about to perform to show the reduction in surface ten- 
sion by oil is to float a match on the surface of a body 
of water in a pan. The match will then appear in 
some such position as this (drawing). As soon as the 
water in the pan comes to rest, the match will be held 
stationary under the influence of the forces of surface 
tension, which are equal, and which act equally in all 
directions, and which I may represent by these 
arrows. Now, if on the surface of that pan we place 
a drop of oil at one side of the match—say, there— 
then the match will jump over. against the side of the 
pan, away from the point at which the drop of oil is 
placed. The explanation of that particular phenomenon 
is, of course, the reduction of the surface tension of 
the water, due to the oil film upon it, and we find some 
such condition as this: If I represent this as the drop 
of oil, and the immediate sphere of action of the oil 
that spreads over the water by this curved line, then 


the force on this side, the surface tension, will be re- 
duced in some such fashion as that, (drawing) while 
those on this side will momentarily remain as before, 
-and of course the match will be pulled away by the 
/Preponderance of the surface force on the side away 
from the oil. 
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Q. 18. Is there any simple or graphic way that you 
can state, just roughly, what this surface tension is? 

A. It is a pull. You can consider the surface of 
the water itself as a stretched skin, similar to a sheet 
of elastic stretched over a ring or the head of a drum. 
Either of those things, while they are solid, are in the 
sane state of tension, exactly, as the surface of any 
body of water. If we take the particular case of the 
elastic film and carry the parallel further, if you should 
place the match on the rubber film and cit the film 
at one side and thus reduce the tension on that side. 
of course the film would spring back toward the other 
side and carry the match with it. You would have 
there an exact parallel between the surface tension Ga 
water and the tension of that elastic film, pulling the 
match away in both cases from the place where it 
originally was, due to the preponderance of force on 
the side away from that where the tension was re- 
duced. 

MR. WILLIAMS: Will the professor furnish 
drawings of the diagram$that he is making on the 
board? 

QM. 19. | understand you are going to furnish little 
drawings the same as those vou are putting on the 
blackboard? 

ch ei illnavies: 


(The witness performed the experiment.) 


WHEREUPON an adjournment was take@ 
until Wednesday. April 25th, 1917, at 10:00 a. nm 
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MR. TAGGART ON THE STAND. 
DIRECT EXAMINATION Resumed. 


BY MR. SCOTT: 


©. 20. You have referred, Prot. Taggart, to the 
formation of a viscous film at the junction of the oil 
and water. Can you show this by an experiment? 

mem I can. 

Q. 21. I will ask you to do so. 

A. May I first explain by blackboard drawings 
what I expect to have happen? 

mo 22, Certainly. 

A. Now, for the purpose of showing that at the 
interfacial boundary between oil and water there forms 
a viscous film, I am going to take a beaker and place 
in it, at the bottom, some water, and for the purpose 
of making the phenomena to be observed more easily 
visible, I am going to color that water with red ink, 
and I will represent it here as so colored. After hav- 
ing placed the water colored with red ink in the bot- 
tom of the beaker, I will place above it a layer of oil, 
which, again, for the purpose of making the phenomena 
more easily observed, will be colorless. Then by means 
of a medicine dropper inserted with the point below 
the oil-water interface, I will release below the oil— 
water interface, some bubbles. The bubbles in rising 
will first strike the faterface between the oil and wa- 
ter, and will drag that surface up in this fashion. 
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(Figure 2) That particular phenomenon is indicative 
of the presence at the interface of a film which is con- 
siderably more viscous than the body of the water or 
the body of the oil; it will indicate more viscosity than 
the water, because it will have passed through the 
water freely until it strikes that film, and having been 
released from that film, as it will be later, it will pass 
through the oil freely, indicating, then, a greater vis- 
cosity at this interface than is present in either the 
colored water or oil. 

(Drawing Figure 3). I will omit the medicine 
dropper, which, of course, will be present. Then after 
the bubbles have broken away through the viscous film 
of the interface, it will appear like this; then rising 
through the oil there will be the air at the center, sur- 
rounded by a film of considerable thickness of the col- 
ored water. That will pass up through the oil and 
arrive at the surface of the oil in some such condi- 
tion as that, and when closely observed, some of these 
bubbles—all of them will not act in the same way— 
will show a red color at the surface of the oil, indicat- 
ing that the film is still around the bubble. The film 
will have dragged down sufficiently when the bubble 
reaches the surface, so that the red color in some in- 
stances cannot be observed, and in those particular bub- 
bles the condition will be this. (Figure 4) 

Now, eventually both of those water coatings will 
drop from the bubbles and they will fall back through 
the oil in this cup-shaped form, and there will be ap- 
parent at the edges of the cup—the rim of the cup— 
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some of the thin films that look almost like a red tissue 
paper. Now, it is the fact that the water, falling 
through the oil, preserves its shape rather than taking 
a spherical shape as would be ordinarily the case of a 
drop of water falling through a fluid such as air. That 
is an indication of the high viscosity of the film at the 
boundary between the water and the oil. According to 
the law that a mass will tend to a condition of least 
potential energy, and due to the further fact that a 
sphere is the solid whose surface is the least for its 
volume, and to the fact that with the least surface the 
particle of water will present the least potential en- 
ergy, the particle should, if allowed to follow its tend- 
ency, assume a spherical shape. Now, the force of the 
surface tension that would tend to cause it to assume a 
spherical form, is overcome, in this instance, by the 
high viscosity of the film at the interface between the 
water and the oil, and you get, consequently, this shape, 
which is absolutely unnatural for a particle of water 
to assume, if it were not under conditions, as it is, 
where the viscosity of the surface is so great as to over- 
come the force of surface tension, tending to make it a 
sphere. | 

There will also be present in this mass of oil above 
the bubbles, if the bubbles are blown in with sufficient 
rapidity to agitate the surface of the interfacial film. 
particles of water shaped something like this, tadpole 
shape, as these are, again due to the excess of vis- 
cosity—the excess force of the viscosity of this inter- 
facial film over the force of the surface tension of the 
water itself. (Figure 5) 
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Now, I will perform the experiment. 

Q. 23. Just state, professor, what you do as you 
go along and the stenographer will put it down? 

A. First I poured the. water into the beaker and 
inserted the bubble blower. Then [ placed red ink in 
the beaker and then poured on to the surface of the 
ink a layer of oil, kerosene oil being used. 

Q. 24. About how thick is the water layer and the 
oil layer? 

A. The layer of water and the layer of oil are ap- 
proximately an inch each in thickness. Now, first you 
will observe the way in which the interface pulls up 
as the air is inserted, indicating there the viscous film 
at the interface. As you will have observed, very 
quickly, the fact that some of the bubbles as they ap- 
pear at the surface are coated with the red water. The 
holding of this red water layer at the surface is a 
momentary thing, merely. Then as the water falls 
back from the surface the cup shaped or bowl shaped 
drops of water may be observed. Finally, if I blow 
the air through rapidly, the little tadpole shaped par- 
ticles will, I think, be noticed. 

Q. 25. What are you trying to show now? 

A. These bowl shaped drops of red water. 

©. 26. I don’t know that the court gets a clear 
view of it. It is like a little shred of something fall. 
ing. You will have to look very closely to see it. 

THis COURT; det me iplaygewiciieie | 

THE WITNESS: If you release the bubbles near 
the center you get better results. 
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ioe COURT: You operate it, that is your trade, 
not mine. J see the distorted shape of the bubbles 
as they drop back. 

THE WITNESS: That is the thing I wished you to 
see. 

THE COURT: I have observed that. 

THE WITNESS: ‘The cup shaped bubbles, and the 
fact that there is a little fringe, as it were, hanging back 
around the cup where the film has been drawn out to 
a greater extent at the very edge of the bubbles. 

THE COURT: As they come to-the top they break 
in two, part of it go back? 

A. Yes, the water goes back and the air stays 
up. 

THE COURT: That which goes back is water 
entirely? 

A. Oh, yes. It can be none other, because the 
water is colored and the oil is uncolored. 

wat COURT: | mean there is no air inside of 
that that goes back? 

A. No, no, there is no air. 

MR. SCOTT: How would that be, doctor, if done in 
a jar about a foot deep? Would we have more time 
to look at it as it was dropping? Would that be any 
better? 

A. [I think it would be more visible. 

feat COURT: 1 think I see what he is trying to 
illustrate. 

MR. WILLIAMS: I would ask if your honor has 
seen the thing that is pictured there? 
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THEIG@URT: No, I have not seen the distinct cus 
shape, it seems to me, going back. It appears to be in 
rather a globular form, some of these, going back. 

ee ITNESS: Yes 

MWiteeCOURT: Ate these solely water or ic ther 
air inside? 

7% hose are solely water, unless you cam seevan 
occasional air drop. (Here the witness agitates the 
solution rapidly with the dropper.) Now, you see there 
are a great many of these small water globules at the 
top and no air there except occasionally an entrapped 
particle. 

THE COURT: Your idea 1s aS it comes*ip ihe 
air and water there and the air stops at the top? 

A. Yes, and the water falls back; and, due to 
the fact that the water is in contaet with the oil, there 1s 
sufficient viscosity at the interface to overcome the 
surface tension. The experiment is, of course, to indi- 
cate the high viscosity of the film at the interface be- 
tween the oil and the water. 

THe COURT: I observe that lifitine aeatmrenmm 
can't say that I observe as broadly as you make it 
there the saucer shape, but J can observe it goes back 
in a flattened form. Dont you think that these age 
all dropping back with a convex upper surface? 

A. No, sir. The larger ones are but the smaller 
ones are not. There, did you see that one? 

THE COURT: Yes, rather flattened out, as 1 say 
] have observed that feature. 
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A. And that one? 

THE COURT: Yes, that is flattened. 

THE WITNESS: Of course, they will assume a 
spherical surface as they go down. 

mae COURT: | think I understand. 

‘MR. SCOTT: You have drawn it in section on the 
blackboard ? 

m. YES. 

THE COURT: [I understand what you mean. 

THE WITNESS: The edges come up .just as 
though they were tissue paper. As you get them 
larger the surface tension being a function of the area, 
is sufficient to overcome the viscosity. The smaller 
bubbles are more like the conditions in the flotation 
process where everything is beaten very fine. Then 
the force of viscosity is great enough to overcome 
tie stirface force. 

© 27. MR. SCOTT: Can you show by some ex- 
periment, other than by actual flotation operation, the 
fact that oil tends to select a sulphide mineral in the 
presence of water and that water tends to select gan-. 
gue in the presence of oil? Or, in other words, can 
you show that in the presence of water oil will selec- 
tively adhere to a sulphide particle in the presence of 
a gangue particle? 

A. Yes. (Witness performing an experiment.) 
Now, I have placed in this cell a piece of galena and 
a piece of quartz and covered them so that the galena 


is about one-half inch and the quartz about an inch 
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below the surface of the water. I am going to drop 
onto the syrface of the water some drops of wood creu- 
sote, and some of the drops will, due to their momen- 
tum and lessening of the surface tension of the water, 
fall through onto the respective minerals, and we 
will find that on the galena the oil tends to spread 
out over the surface, while on the quartz it tends to 
draw up into a globule and remain in that state. Now, 
if I may draw on the blackboard so it will be a little 
easier to see. 

MR. SCOTT: 1 should like the record to show that 
we will have these sketches reproduced on paper for 
the record, these blackboard sketches. 

MR. KREMER: That will be satisfactory to you, 
Mr. Williams? We will erase these and draw them 
on paper and submit them to you. 

MR. WILLIAMS: Yes. 

{ think that the phenomena that we observed in 
the cell are presented in the sketch here (diagram 3.) 
The drops of oil on the surface of the galena tend 
to spread out and replace the water at that surface. 
The drops of oil on the surface of the quartz tend 
to draw up from it in the shape of a sphere. In othe 
words, the water tends to push in under the oil at the 

uartz surface and replace the oil, so that we have 


an instance of the selective action of the oil on galena.. 


«. 


or sulphide in the presence of water, and the selective 
action of the water on quartz or other gangue min- 
erals in the presence of oil. It is, of course, this selec- 
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tion which is depended upon in the flotation process 
for the separation of the valuable sulphide minerals 
from the worthless rock. 

Q. 28. BY MR. WILLIAMS: Now, professor, 
I observe that the oil on the quartz is a globule which 
is quite perceptibly flattened out at its lower end, and, 
although it is not of very much,importance, there is 
no doubt that what you have drawn there is slightly 
different from what that shows. 

A. That is right; I will bring that down a little 
bit. (Drawing.) I believe that would be rather more 
in line with the phenomenon. 

MR. SCOTT: I now offer diagram No. 3 just 
made by the witness in evidence. 


Diagram No. 3 admitted in evidence without 
objection marked DEFENDANT'S EXHIBIT 
No. 126. 


me 29. MR. SCOTT: You stated that the oil 
assists in the formation of a stable froth, and have 
shown by experiments the functions of the oil in such 
formation. What other conditions must prevail in 
order that the froth may be stable and persistent ¢ 

A. It must carry a load of finely divided solid, 

Q. 30. What is the effect of the solid matter? 
“Rotter. 

A. It is to increase the viscosity of the film very 
markedly. 

QO. 31. Can you show that also by a simple experi- 
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ment, the increase of viscosity due to the presence of 
solid matter? 

Poms. (Drawing.) I will attempt four dif- 
femememex periments here to prove that it is the pres. 
ence of solid matter which causes the formation of a 
stable and persistent froth. In the first place, if this 
represents the surface of a body of water, and | have 
floated on that body of water a little raft, like this, 
—this being a part of a match stick, and this being 
part of a match stick, and this a, needle—(The rea- 
son that I am using this peculiar apparatus is that f 
want to be able to move the raft by means of a magnet, 
without touching the surface.) Then, if I float over 
here a chip, I will be able to turn that raft on the sur- 
face of the water without turning the chip, showing 
that there is no great viscosity in the interface be- 
tween the water and the gas. That will be experi- 
ment) Ne. 1 (Figure 1). 

In experiment No. 2 I will use the same device, ex- 
cept that in this particular case | will dust upon the 
surface some finely divided ore (Figure 2) and then 
when this raft is moved by means of the magnet, it 
will be seen that the chip moves with the raft. In 
other words, that this surface is acting as though it 
were a solid. The viscosity has been so greatly in- 


creased by the addition of the solid matter to the inter- . 


facia] film. 

(Figure 3). Now, in experiment 3 ] will take the 
raft and the chip and will place on the surface of 
the water a drop of oil sufficient to contaminate the 
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water and lower the surface tension. At the inter- 
face between the oil and the water, there will be a 
viscous film which is characteristic of such an inter- 
face, and it will be seen that when I turn the raft, 
that the chip itself will not turn. By ordinary visual 
methods of measurement, as it were, there will not 
have been a sufficient increase of stability and vis- 
cosity of the surface by the mere addition’ of the oil 
to cause the increase in viscosity which is necessary 
to the formation of a stable and persistent film. Fin- 
ally, (Figure 4), taking the same case, this oil-covered 
surface, I will dust some fine ore on. it, and it will 
be seen that the chip again moves with the raft; that 
the surface has been stabilized and made highly vis- 
cous, viscous to the point of acting almost as a solid 
surface by the introduction of the finely divided solid 
matter into the film. 

I will now perform the experiment. (A pan of 
water, the raft and a chip.) You will see that I can 
move this raft and there is no corresponding motion 
of the chip. (Adding dust.) 

QO. 32. MR. WILLIAMS: What material have you 
dusted in there? 

A. I think that is some Butte & Superior ore. 

eee bY THE COURT: Where is that chip? 

7. he chip is over here. There must have been 
some grease on it from carrying it in my pocket, which 
causes the film to pull away from it. Now, you will 
notice that I can move the entire surface. 


t 


6 


bY 
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O. 34) MRS SCOTT: How would it do to adda 
new chip? 

A. J hardly think it would make any difference. 

Q. 35. BY MR. WILLIAMS: Cut two or three 
chips off so as to get down to a clean surface. 

(Witness cutting several chips off pencil.) 

Q. 36. BY THE COURT: Does your magnet act 
on the ore as well as on the needle? 

A. Not on this ore; atéeast that is the presumption. 
| think that I can show here that it does not. (Stick- 
ing magnet in a bunch of ore.) J think it can be seen 
very obviously that the whole surface there moves. 

« (Holding magnet near raft). 

©. 37. BY THE COURT: It you took your penen 
would it move that scum? 

elev ill tigate sco. ihedocs, 

Q. 38. What does this illustrate now? 

A. The increase in the viscosity of this interface 
between the gas and the liquid by introducing into 
that interface the finely divided solid particles. 

Q. 39. Then it does not matter how vou move the 
ait? 

A. Not at all, not at all. Now, | will take an- 
other small pan, and J will put in water and the raft 
and a chip and [| will add some wood creosote oil. 
There is on doubt of the contamination of the surface 
tere: 

Q. 40. BY THE COURT: What ts this? 

A. Here I am going to show that the increased 
viscosity of that interface is due to the introduction 
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of solid matter, rather than to the introduction of the 
oil. 

Now, you will see that the raft can be moved 
without the sphere of influence of the movement of the 
raft extending to the chip, although it can be seen 
by observing the film between the two arms of the 
fait, as it were, that that surface itself is acting like 
a solid; that is, the increase of the viscosity of the 
surface by the oil is sufficient to cause it to act almost 
as a solid through small distances, but that it is not 
sufficient to make it act as a solid over a considerable 
distance, and does not indicate the high viscosity that 
will be indicated when I put the ore on. (Sifting on 
ore dust.) 

The surface has become so tough now that I have to 
get very close with the magnet to influence the needle. 

Wes BY THE COURT; Your mineral breaks 
up. 

MR. SCOTT: It needs more mineral, I guess. 

(Witness added more dust.) J think the motion is 
shown here ahead of the raft, practically under my 
finger. 

Pie, SCO: I otter the diagram just made by 
the witness and marked “No. 4, A. F. T.” 


Diagram admitted in evidence and marked DE- 
Ee NOANTS EXHIBIT 127. 


©. 42. Now, Professor Taggart, will you explain 
the relation of the experiment you have just performed 
to the permanency of the film, in flotation operation? 
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A. I stated yesterday that the functions of oil in 
the flotation process were two: First, to assist in the 
formation of a stable froth; second, to assist in the 
selection of the sulphide mineral from the gangue. | 
said that the ways in which the oil assisted in the for- 
mation of a stable froth were: first, to decrease the 
surface tension of the water in the pulp, and I showed 
the decrease in the surface tension of water by means 
of oil, with the experiment No. 1. Then I stated that 
at the interface between oil and water there was formed 
a film whose viscosity was markedly greater than 
that of either the water or the oil or of the mixture 
of the two; and I showed that this morning by means 
of the experiment No. 2, the colored water bubble 
experiment. I said there that the oil assisted in the 
formation of a stable film by concentrating in the film 
and, being present in the film as a contaminant, having 
the power to move in the film and thus change the oil 
concentration in the film at any point in a direction 
which would tend to increase the resistance of the 
film to external forces. That |] have not been able 
to illustrate by experiments. It is a matter, rather, of 
reasoning. Then, the other function of the oil, tlie 
selective action for sulphide as compared to gangue, 
is illustrated in experiment No. 3, in which it was 
shown that the oil tended to displace water at thie 
surface of the sulphide particle, and that water tended 
to displace oi] at the surface of the gangue particle. 
It is true, however, that in addition to the stabilizing 
influence of the oil alone, it is necessary for the for- 


eT 
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mation of a persistent froth that there be present in 
the bubble film a load of solid matter, and the effect 
of that load of solid matter in stabilizing and making 
persistent the bubble film is shown in experiment 
No. 4 just performed. 

Q. 43. If we were to shake a bottle containing water 
and a little oil and then afterwards to shake a bottle 
similarly containing water and oil, but in addition 
powdered ore, is it your opinion that the result of the 
two operations would confirm the conclusion drawn 
from your experiment with the little raft this morn- 
ing? 

A. Yes, sir. 

O. 44. In the first instance, what would happen? 

A. In the first instance, you would get some bub- 
bles that would persist for perhaps a fraction of a 
second or a second, but obviously longer than they 
would persist if pure water alone had been placed in 
‘the bottle. In the second instance, you would get 
some bubbles that would persist considerably longer 
than the bubbies with oil and water alone. Just how 
much longer I would not dare say because that is a 
question of the quantity of sulphide present and the 
degree of agitation. 

O. 45. The second operation, with the oil, water 
and ore, is illustrated, is it not, by the two tubes con- 
taining the molybdenite froth which stand before the 
court? 


A. That is what you should get with consider- 
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able agitation. [ did not see those experiments per- 
formed so that I do not know. 

QO. 46. Can you state generally the condition neces- 
sary for the commercial success of a flotation process, 
as to the material treated, and so forth? 

A. There are two conditions. First, that the solid 
material which passes into the froth shall be pre- 
ponderantly sulphide, assuming that you are attempt- 
ing to concentrate a sulphide from a worthless rock; 
and, second, that a very large percentage of the total 
sulphide present in the feed to the apparatus shall pass 
into the froth. 

Q. 47. What is the effect of the emulsification of 
the oil and the agitation, as practiced in the flotation 
process? 

A. As the process is ordinarily practiced the pulp 
containing the proper reagent, is placed into a device 
for agitating it violently. The idea of such agita- 
tion is to break up the oil that has been introduced 
into an extremely large number of extremely small 
particles or globules and at the same time to cause a 
certain number of the sulphide particles present in 
the feed to meet or come in contact with those oil 
globules and become coated with oil. Of course, at 
the same time that the sulphide particles are coming 
into contact with the oil globules, particles of gangue 
are also coming into contact with them, but, due to 
the tendency of the oil to replace water at the sui 
face of sulphide, the sulphide particles will become 
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coated with the oil; and, due to the reverse tendency 
of the water to displace oil at the surface of gangue 
particles, the gangue particles will become coated with 
water. Then after the agitation in this primary agita- 
tor, in the so-called “emulsifying cells,’ the pulp is 
passed to another agitator which is so arranged that 
there is a circuit through into a box, a settling or sep- 
arating box, in which there is no agitation and from 
which the pulp can pass back again either into the 
cell which it just left or through suitable passages 
into another cell. In these so-called “beater cells” of 
the process the pulp is filled with an enormous quan- 
tity of small air bubbles. Then, during the process 
of agitation, these bubbles, in a purely mechanical 
manner, and under the ordinary laws of probability, 
will come into contact with either small globules or 
oil-coated sulphide particles, or both, or neither. Those 
bubbles which come into contact with an oil globule 
or an oil coated sulphide particle will immediately 
become coated at the air-liquid contact surface with 
a thin layer of oil, We have then the condition for 
concentration, for the separating of the sulphide par- 
ticles from the gangue particles. That is, we have 
an air bubble surrounded by an oil film, and outside 
of that oil film the watery mass of the pulp. We 
have then, at the surface of the air bubble, a low sur- 
face tension due to the contaminant which is aysorbed 
or concentrated at the interface between the gas in 
the bubble and the surrounding liquid. There is 
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present the viscous film which is characteristic of the 
interface between oil and water. We have also a place 
at which the sorting of the sulphide from the gangue 
can be done, and as sulphide particles and gangue 
particles are present in this interface for sorting, the 
sulphide particles, owing to the tendency of oil to 
replace water at the surface of the sulphides, will 
pass into the oil layer at the surface of the bubble; 
while the gangue particles, due to the tendency of 
water to displace oil at the surface of gangue particles, 
will be rejected at that interface and passed back inte 
the mass of the water. Now, in a mass where there 
are present such stupendous numbers of bubbles and 
oil globules and oiled sulphide particles and unoiled 
sulphide particles it is obvious that there will be a 
stupendous number of chances offered for the sul- 
phide particles to stick to and stay at the surface of 
the bubbles. When the bubbles arrive at the sur- 
face of the liquid, as they will when the pulp passes 
out into the separating chamber and there is a quiet 
place offered for the difference in specific gravity 
to allow the solid coated bubbles to so rise, there is 
-a sufficient coat of sulphide particles to stabilize the 
bubbles and cause them to be persistent for a sufficient 
length of time to allow them to be scraped off or 
taken off by some means from the surface of the box 
and thus be separated completely from the gangue, 
which sinks in the box and is carried out at another 
point. The froth that rises will, of course, be pre- 
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dominately sulphide and the solid that sinks and passes 
out in the so-called tailings discharge of the machine 
will be predominately gangue. 

Q. 48. What is your opinion, Mr. Taggart, as to 
the effect of acid in the agitation-froth flotation pro- 
cess? 

A. J think the acid has perhaps two functions. In 
the first place, acid tends to absorb at the surface of 
gangue particles, that is to concentrate at the surface 
of gangue particles, in a manner exactly similar to 
that in which oi] tends to absorb or concentrate at 
the surface of water. Now, the result of this tendency 
of acid or acidulated water to short at the surface 
of gangue particles is to insure that the gangue 
particles will be wet with—that is will pass into and 
will remain in—the water part of the pulp. The acid 
also aids in flocculating or agglomerating into rather 
large masses the very fine particles of gangue and 
thus aids in keeping these gangue particles out of 
the concentrate froth. 

QO. 49. Have you formed any conclusion as to the 
effect of heat in the flotation process? 

A. Heat, I think again has two functions. In the 
first place, it decreases the viscosity of the oils and 
hence aids in the distribution of the oil at the sur- 
face of the air bubbles. Even more prominently, how- 
ever, it acts as a means of flocculating the finely 
divided gangue; and this flocculation is almost essen- 


tial. 
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©. 50. What is the word you use? 

A. Flocculating, that is the drawing together into 
masses of a lot of small particles. This flocculation 
is almost essential to the production of a clean froth; 
that is, one that is not carrying a considerable propor- 
tion of gangue. 

Q. 51. MR. WILLIAMS: Clean concentrate, did 
you say? 

A. Clean concentrate, yes. 

©. 52. MR. SCOTT: You have stated thateiine 
flocculation of the finely divided gangue caused a re- 
duction of the percentage of gangue in the concentrate, 
but have you any explanation for that statement ? 

A. In the agitation in the so-called emulsifier cells 
and in the subsequent agitation in the heater cells of 
the flotation machine it is unquestionably true that an 
even larger amount or proportion of gangue particles 
is presented to the bubble surface than of sulphide 
particles, provided that the amount of gangue present 
in the feed is greater than that of the sulphide. The 
force tending to reject the gangue is a function of the 
surface of the particles, of the area of the surface. 
The greater the area, the greater this force. The film 
at the bubble surface or surrounding the air in the pulp 
is viscous, as we have shown, and in the case of 
these various smal] particles of gangue the viscosity 
of that film may be sufficient to hold the gangue par- 
ticles in there against the force—the surface force, 
tending to throw them out. Now when the fine par- 
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ticles are agglomerated together or flocculated, they 
present a very considerably increased surface, and 
there is consequently an increase in this surface force, 
and the increase in the surface force is greater than 
the increase in the periphery of the agglomerate with 
respect to the original particles. The force of the 
viscosity at the interfacial film is a function of the 
circumference, as it were, of this flock. The periphery 
of course, as you increase the flock, increases as the 
radius, or as the diameter, in other words as the {first 
power of that particular dimension of the body, while 
the area of the surface increases as the square of the 
radius. Consequently as you increase the size, you 
increase the area as the square of the radius and in- 
crease the surface force as the square of the radius, 
while you increase the circumference only as the first 
power of the radius and, hence, increase the viscosity 
only by the first power of that particular function; 
so that the increase in the surface force then is greater 
than the increase in the viscosity, with the increase 
in size of the particles; and consequently the surface 
force will tend to throw the larger flocks out while it~ 
is not sufficient to throw the smaller particles out 
against the viscosity of the film at the bubble surface. 

I might say here that the increase in surface force 
is even greater than the increase of the square of 
the radius, due to the irregular shape of the surface of 
the flock. If the small particles which are flocked 
together are spherical, then the reasoning as to the 


a 
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first power and the second power of the radius would 
hold directly; but where the particle has a very much 
greater surface due to its corrugations than the sphere, 
then the increase in the surface power is even greater 
than would be true in the case pf the sphere. 

Q. 53. Is there anything in theoretical basis of the 
agitation-froth flotation process that indicates a critical 
point in the quantity of oil relative to the ore? 

A. Absolutely none that I can see. 

Q. 54. What are the conditions that determine the 
amount of oil that must be used? 

A. I think that the amount of oil that must be 
used depends upon three things: The amount of sul- 
phide matter that is present in the feed, the amount of 
water that is present in the fecd, that is, the degree 
of dilution, and the degree of aeration in the feed. 

©. 55. Will you state the relation between the 
amount of aeration or agitation and the amount of oil 
necessary? 

A. Jf we consider in a cell or in a particular opera- 
tion all things constant, except the degree of aera- 
tion, then any particular bubble in the machine will 
have a path whose average length is the same. There 
will, of course, be some bubbles that will go through 
the machine very quickly; there will be some bubbles that 
take a long time, that pass around and around in the beat- . 
er cells before going out into the Spitzkasten; but tak- 
ing the average of all the bubbles in the machine, then 
most of the bubbles will not depart very greatly from 
this average. The number of bubbles and the size of 
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the bubbles with a given degree of agitation will also be 
approximately a constant. The number of globules of 
oil and the size of the globules of oil and the number of 
particles of sulphide—coated and uncoated with oil— 
will all be approximately constant figures, other condi- 
tions being the same, with a given degree of agitation. 
This means, then, that each oil:bubble will carry ap- 
proximately the same amount of oil, will have met ap- 
proximately the same number of globules of oil and the 
same number of oiled particles; consequently there will 
be a certain quantity of oil required to coat a given 
quantity of bubbles. If, now, by increasing the agita- 
tion, you beat in twice as many particles of air, the other 
things remaining constant (the number of particles of 
various things )—the number of bubbles will increase; 
we may assume for the sake of argument that they dou- 
ble, which they may not, of course, and if you have had 
present in the first instance just enough oil to coat the 
number of air bubbles that were present with the first 
degree of agitation, you will obviously not have enough 
oil present to coat the greater number of bubbles that 
will be formed with an increased amount of agitation: 
therefore, as you increase the degree of agitation it will 
be necessary to increase the amount of oil that is to be 
used, if it is expected that the bubbles are going to ar- 
rive at the surface coated with a sufficient quantity of oil 
to perform their function in the process. 

Q. 56. Now will you state similarly what the relation 
is between the amount of sulphide present in the ore and 
the amount of oil necessary? 
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A. The reasoning, of course, is entirely similar. In 
order to coat a given number of sulphide particles with 
oil—and you must assume that the great majority of 
the sulphide particles that are saved must be coated with 
oil—it is necessary to have a film of some certain mini- 
mum thickness on each particle. Now, as you increase 
the number of particles, it means, of course, that you 
must increase the quantity of the oil fed into the ma- 
chine in order that each sulphide particle may have its 
coating of the minimum thickness of oil. 

Q. 57. How does the amount of water present in the 
pulp affect the quantity of oil necessary ? 

A. Other things being constant, if you double the 
amount of water in a pulp there will be present in each 
cubic foot of pulp one-half the number of sulphide par- 
ticles that there were present before. It is necessary, 
however, in order to insure that all the sulphide par- 
ticles or a very great majority of the sulphide particles 
in the feed shall meet a globule of oil or an oil-coated 
air bubble, that there shall be present in each cubic foot 
of the pulp a certain minimum number of oil-coated air 
bubbles. In order to coat these air bubbles, a certain 
quantity of oil must be used; but where the pulp is di- 
lute, you have to supply this number of oil-coated air 
bubbles for a very much smaller number of sulphide par- 
ticles than when the pulp is thicker. Consequently the 
amount of oil necessary will depend upon the degree of 
dilution; as the dilution increases, the amount of oil 


necessary will increase. 
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Q. 58. Suppose a soluble frothing agent were used, 
would the dilution of the pulp have a similar effect? 

A. Yes, sir. 

Q. 59. I think that it is a fair statement of what you 
have explained that in your opinion the amount of oil 
necessary is dependent on the amount of sulphide in the 
feed and the dilution of the pulp, rather than on the 
amount of solid matter? 

Eve Y CS. 

Q. 60. Is it your opinion that the attachment of air 
directly to the sulphide particles has anything to do with 
the agitation froth flotation process? 

A. No, it has not. 

QO. 61. Have you any experimental data inf support of 
that conclusion? 

A. I have examined a large number of bubble films 
under the microscope, the particular method followed 
being to take some newly formed froth on a ring, in 
such a fashion that [ could quickly examine, first one 
side and then the other side, thus insuring that I was 
seeing what had been the outside of the bubble and also 
the inside of the bubble. In such examination J have 
found that in freshly formed films a very large majority 
—and by that I mean in the proportion of ten or twenty 
or thirty or forty thousand to one—of the particles pres- 
ent in the film, are entirely within the bubble film; that 
with just a very few exceptions the solid particles are at 
no point in contact with the air. Now, there need be a 
little care exercised in this particular examination, be- 
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cause in a film that has stood for a few minutes, if the 
film is sufficiently loaded with solids to remain for a con- 
siderable length of time, the larger particles of solid 
matter present in the film will commence to poke 
through; they do not break up the film, but the particles 
poke through, and the film will draw down over them. 
leaving the solid particles very apparently sticking 
through, and such is not the condition as the fresh froth 
reaches the surface. If, however, you attempt to photo- 
graph, it is necessary, of course, to get a froth or a film 
that will stand for a considerable length of time—that 
is, a thick film, and I have not yet been able to photo- 
graph within the thirty seconds or a minute that are 
necessary, if I would insure that all the particles remain 
within the film—so that photographs all show some par- 
ticles sticking through. However, it is possible, I think. 
that you can examine it here through the microscope— 
examine some freshly formed films and see that the par- 
ticles are almost all within the bubble film. I will per- 
form that experiment if you like. 

Q. 62. Well, I think you might as well do that. 

A. JI think we have the square jar machine here. 

QO. 63. BY THE COURT: You say the particles ar 
in the film of oil surrounding the air? 

A. There will be a bubble film with air inside, and a 
surface with air outside. Now, the solid particles are 
completely within that film, and the film will raise up 
over the solid particles and, underneath, the film will 
come down under the solid particle, so that the particle 
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is completely enclosed within the film, and there can be 
no question of the attachment of air for the particle 
itself. It is true that there is some selective attachment 
of air for sulphide particles as opposed to gangue par- 
ticles, and in some of the earlier investigations of the 
subject it was thought that this actual attachment of the 
air for sulphide in preference to gangue was an explana- 
tion of the flotation process; but by examining these 
froths, it can be seen that air is not in contact with the 
solid particles at all as they come to the surface in the 
bubble film. 

O. 64. Could you illutsrate that with a little diagram, 
the position of the mineral particles in relation to the 
bubbles ? 

A. Ican. If this particle is here as the small particle 
in the film, then one surface of the film will come along 
in this fashion and rise up over and surround the solid 
particle, while the other portion will come over in this 
fashion and then come down around the solid particle in 
that way (drawing). Now, after that film has stood for 
a short length of time, the condition presented will be 
something like this (drawing). The solid particle will 
stick out in such fashion as that. This film has already 
been raised to the surface; flotation has been done; all 
that remains is to scrape it off within a period of twen- 
ty or thirty seconds of a minute or so subsequent to 
this. This is the kin wot activity in the ordinary separ- 
ation in the machine. 
 Q. 65. In referring to the face that was active in 
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the process, did you have reference to the upper or the 
lower drawing in the sketch? i 

A. To the upper drawing, the one that is numbered 
No. 1; and the second represents the condition after the 
bubble film has been some time at the surface. 

Q. 66. Now, will you mark that diagram 5? 

Ewe Wiaeram No. 5. 

MR. SCOTT: I offer this diagram in evidence, 
NO) 


Admitted without objection marked DEPEND- 
Bo Se teXTI BIT Now 12s: 


Q. 67. Does it require a fresh froth in order to see 
this? 

A. Yes. I thought he had the square jar machine 
down here, but it seems he has not. 

©. 68. THE COURT: I do not understand what 
film that is; is that the oil coating of the air bubble? 

A. Yes, that is the film around the bubble. The 
situation of the surface, if you consider this just a 
single bubble, will be something like this. Now, if I 
enlarge that particular film— 

THE COURT: I think I understand now, Profes- 
sor; I did not know for sure what you meant. 

O. 69. BY MR, WILLIAMS: Which 1s the oui 
side of the bubble in your diagram; is it the top? 

A. It does not make the least bit of difference. 

Q. 70. BY MR. SCOTT: Referring to the cigems 
lating load in the flotation process, that is, the return 
‘of the middlings to the head of the machine, what is 
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your opinion as to the condition of the oil that comes 
back with the middlings, that is, whether it is all ad- 
hering to and appropriated by mineral particles or not. 

A. It is not, I think, all adhering to and appropriat- 
ed by mineral particles. 

Q. 71. What is your reason for so stating? 

A. We are speaking now of the agitation froth 
process? 

On/ 2 ics, 

A. In the later cells of the agitation froth machine, 
the froths are much more fragile, much less persistent 
than the froths in the earlier cells. Now, the persist- 
ence of the ee poe of course, upon the load of 
solid matter, in it. The less persistent froths, therefore, 
will have a smaller load of solids contained within 
them than the more persistent. It is the less persistent 
froths that are circulated. The bubble film itself con- 
sists of a complete laypr on each surface, in which is 
concentrated oil, and the concentration lessens as you 
pass toward the center of the film. In other words, the 
whole area of the bubble film has oil upon it. If the 
solid particles do not occupy the whole area of the bub- 
ble film, then it must be true that between the solid par- 
ticles there are areas of bubble film unoccupied by 
solids. But as the oil covers the whole area of the 
bubble film, then these areas which are unoccupied by 
solids are yet occupied by oil, and that oil is, of course, 
not appropriated by the solid matter, and is therefore 
unappropriated oil which is available for use in the 
circulating load as it comes back into the machine, for 
coating sulphide particles in the new feed. 
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Q. 73. How do you explain the fact which has been 
referred to that in flotation plants where heavy collect- 
ing oil is used in large bulk in connection with a lighter, 
so-called frothing oil, and the heavy collecting oil is 
discontinued, the froth has been observed to cease en- 
tirely? 

A. The heavy collecting oil, so-called, is used in 
much greater quantities than the light, frothing oil; 
in other words, the amount of the light frothing oil 
added per ton of sulphide mineral present in the feed 
is extremely small; so small, in fact, that it would not 
coat enough air bubbles and collect enough solid mat- 
ter to satisfy the requirements for the formation of a 
stable froth. 

Q. 74. Instances have been referred to by witnesses 
in which the use of a large amount of oil made a more 
abundant froth than smaller quantities. Have you any 
explanation of that? ; 

A. It is unquestionably the case in the agitation or 
in the beater cells, that a considerable number of air 
bubbles, under ordinary circumstances—particularly 
where small quantities of oil are used—pass through 
the process of agitation and on through the Spitzkas- 
ten without becoming coated with oil, and with solid 
particles. As the amount of the oil is increased, the 
number of chances and the probability of all the air 
bubbles becoming coated with oil, of course, increases, 
and the number of bubbles which do become coated 
with oil will increase according to these chances and 
probabilities. It is also true that in the ordinary agi- 
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tation-froth process the bubbles—particularly in the 
first cells—are coated more heavily with solid par- 
ticles than is absolutely essential to their persistence for 
the length of time required for their removal from the 
machine; so that there is present then sufficient sul- 
phide to distribute over these additional oil bubbles 
that are formed when more oil is put in, and stabilized 
them, and thus increase the number of stable bubbles 
in the froth. In other words, increase its volume. I 
think that is the explanation of the increase in the 
volume of the froth with increasing oil. 

Q. 75. It has been stated that the use of the oil re- 
ferred to as Jones oil produces a very voluminous froth 
when used for the flotation of vanner tailings, but that 
this phenomenon is not observed when the same oil is 
used upon the low grade vanner concentrate. Can you 
explain that fact. 

A. I have just stated that there was present in the 
froth of the first cell of the ordinary agitation-froth 
machine an excess of sulphide material above that re- 
quired to stabilize the froth for the required length of 
time. The lessening of the amount of solid material in 
the froth means a lessening in viscosity of the bubble 
film while it may yet remain sufficiently viscous to be 
stable for the necessary length of time. However, as 
one of these lightly loaded bubbles comes.to the surface 
the air contained within it of course tends to expand 
with the lessening of the pressure due to the decrease 
of hydrostatic head and the film will therefore expand 
as far as the viscosity will allow it. Vanner tailings 
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are low grade, that is they contain a small per cent only 
of sulphide mineral. Consequently there will be a rela- 
tively small percentage of the stabilizing sulphide ma- 
terial present in the froth and the tendency of the bub- 
ble to expand as it reaches the surface is not overcome 
by the viscosity of the froth. The bubble will there- 
fore expand and make the very voluminous froth that 
is complained of in this particular connection. On the 
other hand, in the vanner concentrate machine the feed 
is richer, contains a larger amount of sulphide. There 
iss tieretonerg a considerably larger load of sulphide 
present in each bubble. The degree of agitation being 
about the same, the viscosity of the film surrounding 
the bubble is so great, due to the greater amount of 
sulphide present in the film, as not to allow the bubble 
to expand under the decrease in pressure. Consequent- 
ly you get the characteristic small-bubble heavy froth 
with these vanner concentrates and get away from the 
over frothing that is complained of with the Jones oil 
and vanner tailings. 

Q. 76. Will you state whether or not it is essential, 
in your opinion, that the sulphide particles be coated 
with oil before leaving the emulsifier or before entering 
the flotation machine, in order that they may be emul- 
sified in the bubble film? 

A. It is not essential. In the beater cell we have 
present oil globules or air bubbles in numbers that are 
almost beyond comprehension, and while it is possible 
that a sulphide particle not yet oiled may not become 
oiled in the beater cell, yet it is extremely unlikely that 


a = ae a mm a cel ee i SS er 
eee =. oe an ee TE Se 


Butte & Superior Mining Company. 2981 
Prof. Arthur Fay Taggart. 


any sulphide particle can miss meeting one of the oll 
bubbles or the oil globules in the beater cell when there 
are such enormous numbers present. It is a pure ques- 
tion of chance. 


WHEREUPON an adjournment was taken until 
2:00 P. M. Wednesday, April 25th, 1917. 


Z:00%o clockth le pril 25, 19l7, 


Q. 77. lf you are ready now, professor, we will go 
ahead with the experiment of examining the bubbles 
under the microscope taken from the flotation froth. 

fe All right, sir, 

Q. 78. Describe first how the froth is to be made, 
and what of. 

A. This experiment is intended to confirm the draw- 
ing which I made on the board, diagram 5, showing 
that the solid particles within the froth are, most of 
them,—almost all of them, included within the bubble 
film; by that I mean, not inside the bubble itself and in 
contact with the air inside, or outside the bubble and in 
contact with the air outside, but in contradistinction to 
that, entirely included within the film of the bubble 
itself, and not in contact with the air either on the in- 
side of the bubble or on the outside of the bubble. 

I hope to show that, by taking the froth on a ring 
and placing the ring under the microscope and examin- 
ing first one side of the film, which will be stretched 
on the ring and which will be the outside of the bubble 
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as it appeared in the froth; then turning the ring over 
and examining the other side, which will represent the 
surface of the bubble which was toward the inside. The 
froth which is to be used will be made by mixing a 
charge as follows, in the Janney experimental machine: 
400 grams of Butte & Superior ore; 2,000 c.c. of water 
at a temperature of 30° C.; 9/10 of a cubic centimeter 
of sulphuric acid of a specific gravity of 1.84; l cc. of 
copper sulphate solution; 5.2 c.c. of oil mixture—of the 
particular mixture which is used in the Butte & Su- 
perior mill. That will be agitated, and in order that I 
may get a froth which is not so heavy as to be classed 
almost as a mud, I will skim off the first froth that 
comes up and get down to some of the later froths, 
where the particles are more widely separated in the 
film, and therefore more easily to be observed. 

©. 79. Professor, you might state to the court in a 
very few words how that Janney machine works. It 
has nothing to do with this experiment, but it 1s a con- 
venient time to explain it. 

A. The machine consists of a cylindrical portion, 
in which is a central shaft carrying two beaters, one 
about this point in the lower part and one at about this 
point in the upper part of the machine. At one side is 
the separating box in which the solution or pulp is 
much quieter, naturally, than it would be in the agi- 
tator. The separating box is connected with the cylin- 
der at the bottom and at the upper portion. Surround- 
ing this cylinder is this annular box, into which the 
froth is thrown by means of the beaters. The froth is 
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then discharged onto the surface of the water in the 
separating box. The froth, of course, stays at the 
surface, so that the liquid containing the gangue, as the 
stuff is thrown out, settles and is drawn back in again 
through the opening at the bottom, thus having a cir- 
culation which, in some ways, is similar to the opera- 
tion of the Janney machines which are used. 

THE COURT: The court is assuming he is doing 
the thing he said he would, and these other gentlemen 
are watching. I don’t know as it will add any to see 
him put in the material. 

MR. WILLIAMS: I think it would be well to keep 
an open space between the eye of the court and the 
machine. 

THE COURT: When it is operating. 

THE WITNESS: (Gathering bubbles from the 
froth produced by the Janney machine.) Now, this 
has to be looked at rather rapidly. I think that will 
thin down. You see there is a bubble both this side and 
this side. Now, I have broken that so that I have both 
the inside and the outside of that bubble face as it 
stood. Now, if we can look at it under the microscope 
I think your honor will see that the film comes up and 
surrounds the large particles. 

0. 80. THE COURT: How many diameters is 
that? 

A. Somewhere between 25 and 40. I haven’t it 
exactly. 

mol. THE COURT: These protuberances that 
are bright, by reason of the reflection, those are what 
you term the mineral inside the film? 


2984 Minerais Separation, Limited, et al., vs. 
Prof. Arthur Fay Taggart. 


A. Yes, the film comes up over that. You will 
notice the film is raised up, a little mount above that. 
And I will show you the other side (turning the ma- 
terial over). 

QO. 82. MR. WILLIAMS: Which side is that that 
is exposed? 

A. I don’t know. There is no difference between 
the sides. 

QO. 83. MR. SCOTT: Will those particles project 
through the film if we leave it there five minutes or so? 

A. They will if the film does not break before. If 
the film is sufficiently viscous to last. What I got there 
was a bubble somewhat like that with the wire coming 
right along the side of this and then I took my pencil 
and pricked one side of that so that [ had the inside 
and the outside of the bubble. 

Q. 84. MR. WILLIAMS: What you really have 
is a film of water containing mineral? 

A. A film of water and oil, a film containing oil con- 
centrated at the air surfaces. 

Q. 85. Both surfaces? 

A. Both surfaces, and in that film the solid ma- 
terial. 

Q. 86. Where is the water? 

A. The water is at the center of the film and the 
water is most highly concentrated at the center of the 
film, the oil most highly concentrated at the surface. 

QO. 87. Now, I am looking at this through the 
microscope, and what I see is a few particles here and 
there that are metallic, and a great deal of material 
that is apparently gangue. Is that right? 
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A. It might be. I would like to look and see wheth- 
er I would check your observation. If you will qualify 
by saying apparently gangue, I will agree with you. I 
would not attempt to make the distinction between the 
rather light particles that are present and the gangue 
without more practice with the microscope on that par- 
ticular ore. 

Q. 88. Now, I can not see anything covering the 
metallic particles, can you? 

A. I think if you will look now, Mr. Williams, that 
you will find that the surface of the film comes up over 
the larger particles in an entirely smooth and regular 
way, different from the irregular surface that would 
be presented if you saw the mineral itself. 

Q. 89. I see nothing except bright metallic surfaces 
protruding upward. 

A. Through the film? 

QO. 90. I am unable to recognize the film. Can you 
tell me how to recognize it? 

A. By its rather moist and somewhat liquid appear- 
ance, as opposed to the decidedly not-moist and decid- 
edly not-liquid appearance of the solid matter. 

Wecl. isnt it a fact that the metal particles are 
cleaned by this operation of terrific agitation to which 
they are subjected? 

A. What do you mean by ‘cleaned’? 

QO. 92. I mean polished, or the gangue removed 
from them? 

fe No, sir. 

Q. 93. You would expect to find dusty surfaces in 
that pulp? 
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A. Not dusty, no. 

Q. 94. Wouldn't you expect to find clean surfaces 
of metal in that pulp? 

A. Of the metallic particles, yes, but not particles 
that had been cleaned due to agitation, but rather due 
to the preliminary grinding that they had received. 

Q. 95. And being cleaned, wouldn’t they be bright? 

A. They would, but they would not be liquid look- 
ing. They would not have the smooth and regularly 
curved surfaces, but would have angular surfaces. [| 
think perhaps in order to show you the difference, I 
should take some of the original ore and put it in there 
and let you see the diffe@ynce between the angular ap- 
pearance of the dry ore and the smooth appearance of 
the liquid film. 

Q. 96. In any event those metallic particles are to 
some extent coated with oil, are they not, as they exist 
in that bubble? 

A. Unquestionably, sir. 

Q. 97. And they would still be coated with oil if 
they were separate and apart from the bubble? 

A. Unquestionably. 

Q. 98. And that would make them glisten, wouldn’t 
Ite 

A. Yes. They would not, however, I wish to state 
here, be in contact with the air if they were entirely 
coated with oil. 

MR. WILLIAMS: That is all the cross-examina- 
tion as to this particular experiment. 
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©. 99. Professor Taggart, will you arrange in the 
microscope some of the dry ore that was used in this 
experiment, and if it is practical also expose some of 
the mineral particles out of the froth, covered by oil 
but separate from the bubble films, if that would be 
practical. 

A. Yes. 

Q. 100. Well, since you are not quite ready we will 
ask another question. Can you explain how it is possi- 
ble that the amount of oil per ton of solids in a flota- 
tion system having a circulating load can be greater 
than the amount of oil initially fed into the machine 
per initial ton of feed? | 

Pee | think | can explain that staten.ent. It is not 
exactly accurate. There is present in the circulating 
load, naturally, no more oil than was originally fed in 
with the pulp; there is no device of course in the ma- 
chine for the manufacture of oil. There is, however, 
this condition present, that the oil passes through the 


machine—the oil in the circulating load—at a rate con- 


siderably greater than the rate at which the original 
oil is fed in; or at least that is a possibility; it may be 
the other way. I think I can illustrate by a diagram 
just the distinction that I am trying to make between 
the amount of oil and the rate. If you consider this 
drawing to be the cylinder of a pump, this to be the 
piston and this the piston rod; S, the suction end of 
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the pump and D the discharge end of the pump, and 
that this 1s a pipe running around from the discharge 
end to the suction end; and if we assume that there is 
an opening in the top of that pipe, so as you could fill 
this whole system with oil, the pipe at this end of the 
cylinder (D). 

Q. 101. You might indicate by letters as you ge 
along. 

A. The point for the introduction of the oil [ will 
mark A; and 1f we introduce af A enough oil to com- 
pletely fill the system, the pipe, the discharge end of the 
cylinder and as much of the suction end of the cylinder 
as is not taken up by the piston rod itself, and if we 
assume further that the total quantity of oil in there is, 
we will say, 25 ‘gallons, now we start pumping, and 
the oil, of course, will circulate—in this fashion, 
around through the sys em. Now, if at any time we 
were to open this pipe and for a given length of time 
collect the oil that discharged—we will say for 30 sec- 
onds, and in that time we collected a gallon of oil— 
which is all within the realms of possibility—then we 
would have oil passing through that system at the rate 
of one gallon in thirty seconds, or 2,880 gallons per 
24 hours, while you have only present in the complete 
system, 25 gallons of oil. It is a question of rate. 

The same thing applies in the return system in the 
Hotation process; there is present all the time an oil cir- 
culating, similarly to the oil circulating in this system. 
[t is measured by cutting the stream of pulp for a 
given amount of time, by analyzing the pulp that is cut 
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for oil, and by drying some of the pulp and weighing 
the solids in it. We have then the rate at which the 
oil is flowing through that system, and the amount of 
the solid that is flowing with the oil in the circulating 
system, so that there is cut from the middling charge 
in a second a given number of pounds of solids, accom- 
panied by a given number of pounds of oil, which is 
the oil in the circulating system. If this is greater than 
the amount which is meant to be fed to the machine 
per ton of solid matter entering the machine, then it 
should be credited to the new oil which is necessary in 
order to bring the total amount of the oil entering the 
machine up to the desired proportion to the total 
amount of solids entering the machine. If the amount 
of oil 1s smaller than that fed in with the new feed, 
then new oil has got to be added in excess of that re- 
quired by the new one. In order to furnish to the old 
pulp circulating through the machine enough oil to 
bring the oil in that pulp up to the amount that is put 
in with the new feed, and the total oil entering up to 
the proper proportion to the total amount of solids 
passing through the machine. 

MRS SCOTT: I offer in evidence this diagram just 
referred to by the witness and being marked “Diagram 
mee. F. T.” 


Diagram admitted in evidence and marked 
DEFENDANT'S EXHIBIT No. 129. 


THE WITNESS: (Producing a sample grain of 
ore and placing same under the microscope.) TI think 
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that will show, Mr. Scott, the desired angular charac- 
ter of the particle and | think Mr. Williams may be 
able to see a difference between the rather angular par- 
ticle there and the rounded surface of the film as it 
comes up under the original particle. 

Q. 102. What have you placed under the micro- 
scope? 

A. Ihave placed that portion of the ore which re- 
mains on a screen of approximately 80 meshes I think, 
ves, 80 meshes. 

QM. 103. What is the nature of this ore you put on 
here now? 

A. It consists of a large particle of solid material 
from this Butte & Superior ore which was used in the 
previous test. 

Q. 104. This is some of the same ore that was in 
the froth? 

A. No, but some of the same ore that was fed to 


the machine. I will take some of the ore in the froth ~ 


later. You can notice the angular character of it. This 
is some of the material out of the froth. Note how 
much more angular that is. 

QO. 105. MR. WILLIAMS: That is some of the 
concentrate you have just put into the microscope? 

A. Yes, sir, that has been vanned out of the froth. 

©. 106. Why does it contain so much more of the 


ganeue particles, large gangue particles than the one | 


which you first showed? 
A. Iam sure I cannot say, sir. It was taken from 
a different part of the froth and furthermore the oil 
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and the very fine particles which conceal what is in the 
froth have been removed here, making the presence of 
any large gangue particles much more easily discerned. , 

Q. 107. It is your understanding then that the free 
oil has been removed from this concentrate? 

A. No, some oil unquestionably has. It would be 
very easy to prove that there was still oil present there. 
Q. 1¢3. But some oil has been removed from it? 

A. Oh, unquestionably, yes. 

QM. 109. MR. SCOTT: You referred this morning 
to the relation existing between the oil and the amount 
of sulphide mineral in the ore, between the amount of 
oil and the number of air bubbles or degree of aera- 
tion, and the third relation between the amount of oil 
and the dilution or the amount of water in the pulp. I 
wish you would state whether either of these three re- 


a a . t , 


late aes 


P. 2991, L. 20, insert “ore or in comparing any two given 
ores or two given ” after “ given” 


lu ace avsolutely the relation between the amount of 
oil necessary and any one of the three factors, aera- 
tion, dilution and percentage of sulphide. The method, 
of course, would be to keep all conditions standard ex- 
cept the one particular condition under investigation 
and then vary that amount. Under mill conditions the 
relation may be considerably harder to distinguish, be- 
cause, except in most exceptional cases, the ore varies 
from day to day through, it may be, considerable limits 
in percentage of mineral content or in the percentage 
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of dilution. It is possible of course in the mill to keep 
the degree of aeration constant but these two condi- 
. tions of percentage of sulphide present and dilution 
will vary quite widely without the control of the ordin- 
ary operator in the mill. There will unquestionably, 
however, arise cases in which the relation between the 
amount of water and the amount of oil required or the 
amount of sulphide matter and the amount of oil re- 
quired can be distinguished in mill operations. Some 
of the figures that have been presented by the men 
from the different mills to date indicate that they are 
confirming this opinion, and while I have not the defi- 
nite figures at present at hand to confirm from these 
mill sheets, I think that that can be—could be studied 
out. The amount of oil that can be disposed of in the 
process, that is the range through which you can carry 
the oil with a given ore and under given conditions ite 
rather large, and in my discussion this morning I tried 
to make it clear that [ was speaking of the required 
amounts of oil to get certain conditions. That is, if. 
with all our conditions constant, you had been working 
with a minimum quantity of oil to do the work and you 
increased the amount of sulphide in the feed, then in 
order to get satisfactory conditions it would be neces- 
sary to increase the amount of oil added; or in the 
case of the dilution, if, all other things being constant, 
you had been working with a minimum quantity of oil 
necessary to produce a certain result with a given dilu- 
tion, and if you increased the dilution—that is the per- 
centage of water—then it would be necessary to 1n- 


Bulte & Superior Mining Contpany. 2003 
Prof. Arthur Fay Taggart. 


crease the amount of oil added in order to get the re- 
sult that you had been obtaining before. And the | 
same thing of course, in the case of aeration. It is 
true, moreover, that the condition has been presented 
by some of the previous witnesses that when they in- 
creased the quantity of oil that they added to the froth 
they decreased their agitation and they said that they 
did this in order to get good results. I think the expla- 
nation of that is that, not having varied the sulphide 
content and having more oil present, it was not neces- 
sary to do such a large amount of agitation in order to 
insure that the requisite amount of air bubbles for the 
collection of the sulphide material in the froth would 
be coated with a sufhcient film of oil to serve their 
function. Consequently they decreased the amount of 
their agitation. And they further found that if they 
did not decrease the amount of agitatiion that they got 
what we may call over-frothing, that the froth over- 
flowed the spitzkasten and: ran all over the mill. | 
think the explanation of this is the fact that it is pos- 
sible to stabilize the bubbles with a considerably smaller 
amount of solid material than is ordinarily the prac- 
tice in the machine; that when they add the greater 
quantity of oil and thus coat a larger number of air 
bubbles, there having been some air bubbles coming 
through without an oil coating when the minimum 
amount of oil was used, the greater number of oil coat- 
ed air bubbles each took up a smaller load of solid ma- 
terial, the load of solid material was sufficient to stabil- 
ize and consequently there was this increased number 
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of air bubbles each with a sufficient load of solid ma- 
terial to stabilize it rising to the top of the spitzkasten 
and overflowing the spitzkasten. Therefore, they re- 
duce the amount of agitation, reducing the number of 
air bubbles that were rising to the surface, loaded each 
one more heavily with sulphide material and thus re- 
duced the over-frothing. 
MR. SCOTT: You may cross-examine. 


CROSS-EXAMINATION. 
BY MR. WILLIAMS: 


X-Q. 110. You have mentioned particularly experi- 
ence in the mill of the Nevada Consolidated Mining 
Company at McGill, Nevada. How long ago was that? 

ae 10 

X-Q. 111. Did they use any flotation then? 

A. No. 

X-Q. 112. In what manner was the ore concentrat- 
ed, generally? 

A. Tables and vanners. 

X-Q. 113. Water concentration? 

A. Water concentration. 

X-Q. 114. Were there sliiie iosses? 

A. Yes, sir. 

X-Q. 115. Very considerable slime losses, were 
there not? 

A. Quite considerable. I speak now with the view- 
point of an operator. I was not in a position of such 
authority there as to know the figures of recovery of 
the company. 
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X-Q. 116. But they were constantly impounding 
slime tailings, weren’t they, that were of considerable 
value? 

A. That I couldn’t say. They were passing the 
slime overflow through settling ponds, which would of 
course have the result of getting some of the con- 
tained values. . 

X-Q. 117. What kind of an ore did they have? 

A. The ordinary so-called porphyry ore. 

X-Q. 118. A lean copper ore? 

A. Yes, with considerable iron sulphide present. 

X-Q. 119. When did you last learn of their opera- 
tions, from inspection? 

fo In the fall of 1910. 

X-Q. 120. So that you do not know that since then 
they have adopted flotation and are now getting very 
fine results? 

A. Not of my personal knowledge. 

X-Q. 121. And then the Montgomery Shoshone 
Mining Company. When were you there? 

A. In 1908. 

X-Q, 122. What kind of an ore? 


f= Gold ore. 
X-Q. 123. No flotation then I take it? 
ey No. 


X-Q. 124. When was your attention first called to 
flotation concentration of ores? 

A. When the articles concerning it first began to 
appear in the mining periodicals. 

X-O. 125. About? 
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A. I should presume that I became interested in 
that back along in 1912—probably 1911 or 1912. 

X-Q. 126. Did you write or participate in the writ- 
ing of an article which appeared in “Metallurgical and 
Chemical Engineering,” volume 15, November 1, 1916? 

A. I can’t remember the particular date of its ap- 
pearance. I think I can identify the article. 

X-Q. 127. IT show it to you? 

omen CS. 

X-Q. 128. [read from that articles as follows: 
“The importance of flotation lies in the fact that it is 
primarily a “slimes process,’ by means of which the 
particles of valuable mineral too fine for efficient grav- 
ity concentration are saved with a high percentage of 
recovery. Recovery in the mills treating low grade 
copper sulphide ore have been advanced ten to twenty 
per cent by the installation of the process and similar 


increased saving can be accomplished by the same — 


means in mills treating sulphide ores of zinc and lead.” 
That is a part of the article that you published and read 
before the American Institute of Mining Engineers in 
September, 1916? 

A. It was presented before them. I did not read it. 

X-Q. 129. And you accept those statements as true 
today? 

A. To the best of my knowledge. 

X-Q. 130. I read from that article as follows: “(1) 
That water has a smaller tendency to displace air on 
the surface of sulphide minerals than on the surface of 
gangue minerals; (2) that the tendency of oil to dis- 


> 
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place air is greater at the surface of sulphide minerals 
than at the surface of gangue minerals; (3) that oil 
tends to displace water on the surface of sulphide, and 
that water tends to displace oil at the surface of gangue 
minerals; (4) that water displaces air more readily or 
an oiled solid surface than on a clean surface of the 
same solid; (5) that these tendencies towards displace- 
ment are due to the interfacial tension or pressure ex- 
isting between the various substances and that the re- 
sulting action of this interfacial force is a manifesta- 
tion of the tendency towards reduction of the total 
potential energy of the system. Wherever an increase 
in the solid-fluid surface will decrease the potential en- 
ergy, such a change will occur.” You accept those 
as statements which you today will advance? 

me Yes. 

X-Q. 131. And following in this article is a de- 
scription of an experiment to demonstrate the fact that 
water tends to displace air more rapt from an oiled 
metallic surface than from a non-oiled metallic surface. 
Will you accept that as a fair statement of what you 
demonstrated in the article? 

mx. Yes, 

X-Q. 132. What is the difference between adsorp- 
tion and absorption? 

A. Absorption is the taking into the mass of a sub- 
stance—some other substance, and as ordinarily used 
I think it is considered that the substance taken in by 
absorption passes through and diffuses through the 
mass of the absorbent. I say use a homely illustration, 
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‘of a sponge placed in water; the sponge absorbs the 
water. Adsorption is the concentration at the surface 
between two phases—physical phases—of some sub- 
stance which is a contaminant of one of the phases, un- 
der the rule that in a mixture of two substances, that 
the substance which will tend to reduce the stirface ten- 
sion of the system will/tend to concentrate or adsorb at 
the contact of the ve with some other phase. 

X-Q. 133. THE COURT: How does that apply to 
this question? 

A. The question of flotation, when you have in the 
mass in the beater cells small globules of oil and small 
bubbles of air, when a particle of air and oil are 
brought closely enough together so that these forces 
which tend toward adsorption and which are rather 
small forces—can act, then the oil will spread itself 
over the entire surface of the air bubble within the 
pulp, because by so doing it can lower the surface ten- 
sion of the pulp at the gas-liquid interface; the gas and 
the liquid being the two phases, and the oil the con- 
taminant in the liquid, which tends to concentrate or 
adsorb at the interface between the two phases. 

X-Q. 134. In testifying in regard to what you have 
called the agitation froth process, you have confined 
your description to the agitation in one vessel and 
separation of the froth in another as I understand it; 
is that right? 

ec 

X-Q. 135. You are aware, are you not, that the 
process is carried out with an agitator at the bottom 
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of one vessel; air flowed in at the bottom of that ves- 
sel and the froth taken off at the top of the same ves- 
el; that is known as sub-aeration; are you aware of 
that? 

A. Yes, I have heard of it. 

X-Q. 136. And then there is another variety, is 
there not, wherein there is no agitation in this vessel, 
but the air is broken up by flowing in underneath 
through a porous medium, and flows up, and the froth 
is taken off at the top? 

Po Yes. 

X-Q. 137. And referring to that, did you, in this 
article, state as follows: 

“The principles involved in this method are the same 
as explained in the agitation-froth process. The only 
difference is in the method of introducing air. The re- 
sult of this difference is that the bubbles in the pulp are 
much larger than in the agitation-froth method; they 
arrive at the surface less heavily loaded in proportion 
to their weight. The bubbles films are therefore less 
viscous and the froth less Ago 

fe Yes, sir. 

X-Q. 138. Now, in the description that you have 
given of the bubble action in connection with the oiled 
mineral, I have not exactly understood what was the 
condition of the submerged bubble carrying the min- 
eral or the sulphide particles attached to it, before its 
emergence above the surface of the liquid. Could you 
describe the condition of that bubble submerged -+tth 
the-condition-of that -bitbbte-stibmereed with the metal 


particles or sulphide particles attached to it? 
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A. think I can. 

EO eiG) Please do so. 

A. Of course that is something that is not capable, 
in the cell, of actual observation; but reason should 
lead to some such situation as this: (drawing) This 
represents a bubble in the mass of the pulp, and at some 
subsequent instant that bubble has met with a small 
globule of oil. 

X-Q. 140. BY MR. SCOTT: Won’t you please 
letter those points as you pass along? 

A. Yes, J will do that. The bubble A, in the mass 
of the pulp B, having met a globule of oil, will become 
surrounded by a film of oil which is concentrated at 
the surface between the two phases, gas and liquid. 
The reason for such concentration is that by means of 
it the mass marked “‘B” can reduce its surface energy. 
The degree of concentration will vary from a maxi- 
mum at the actual air surface to nothing or practically _ 
nothing at a distance away from it, and there will be 
present then, because that variation takes place through 
a very short distance—an interface or film, similar to 
the film or interface presented here between the oil and 
the water. The situation being on a much exaggerated 
scale, we might take the atmosphere of the room for. 
the air of the bubbles, and the oil adsorbed at the aur 
surface here and the water here, and here the point of) 
varying concentration—or the place of varying concen-| 


tration of the oil and water, from full concentration of 
the oil to full concentration of the water, being a very! 
small distance. 
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X-O. 141. Will you say what you referred to in 
your answer; you did not describe it. 

A. I refer to the red water and bubble experiment 
performed this morning. If we consider then, that this 
line (drawing) represents that interface, the line being 
marked C-D on my sketch, and at this side we have 
water and at this side oil, and if we consider, presented 
at that interface in some such fashion as that, a par- 
ticle of sulphide mineral, and if we consider that that 
mitertace, the line C-D, is a fixed part of our system, 
and that the particle of solid matter is a moveable part 
of the system, then, due to the tendency of the oil to 
replace water at the surface of the sulphide particles, 
and due to the further fact that the line C-D here is 
fixed and can not move, then the sulphide particle 
itself must move, and the sulphide particle will move 
over into the oil. The reverse condition holds with the 
gangue particles. Here, assuming the line C-D or the 
plane represented by the line C-D, to be fixed, and the 
solid particle, the movable part of the system, then, due 
to the tendency of the water to replace the oil, in order 
to satisfy that tendency, the gangue particle must move 
into the water, and at that point you get the separation, 
so that you finally have then these particles of sulphide 
moving into the film—TI will mark them “S’”—moving 
in near to the air-liquid interface within the mass in the 
beater machine. I have marked this diagram No. 7. 

MR. SCOTT: I offer this diagram which Prof. 
Taggart has marked No. 7 in evidence. 
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Diagram admitted in evidence without objec- 
tion marked DEFENDANT’S EXHIBIT No. 
130. 


X-Q. 142. Now, Prof. Taggart, is there such an ad- 
sorption as you have spoken of at the oil-water phase— 
is there not an oil-water phase there, too? 

A. Yes. 

X-Q. 143. Is there an adsorption at that interface? 

A. Adsorption of what? 

X-Q. 144. That is what I would like you to tell me. 

A. I don’t know of any particular adsorption there 
that is of any importance in the particular discussion. 
It is probable—it is true that if there is present in 
either the oil or the water any contaminant which, by 
adsorbing or coreentrating at the interface hetween the 


P. 3002, L. 18, insert ‘ that there will be adsorption of that 
particular contaminant at that interface,” after “face” 


duu ave ally parucular effect on tne operation ot the 
process. 

X-Q. 145. Now, that layer of oil which surrounds 
the hole in the water that the air makes— 

A. The hole in the pulp, you mean, do you not? 

X-Q. 146. Yes, the hole in the pulp; that layer of 
oil is a definite layer, distinct from the water, is it? 

A. I have indicated here a zone of transition from 
the highly concentrated oil to the highly concentrated 
water, and I have drawn the parallel here to the colored 
water-oil test; assuming this as a section on a very 
large scale of an air bubble of which the atmosphere of 
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the room here forms the air. You see there concen- 
trated at the air surface, due, I grant you here, 
to the force of gravity, a layer of oil, and there is a 
layer right at this surface between the oil and the 
water, through which the concentration varies regu- 
larly from a concentration of all or practically all oil, 
less and less and less oil to a concentration of prac- 
tically all water. There is no actual discontinuity 
there, but the distance through which that variation in 
the concentration takes place is so small as to look like 
a sudden transition to the naked eye. Now, a similar 
transition takes place at the surface of the bubble in 
the pulp. 

X-Q. 147. Would you call that an adsorption layer? 

A. Unquestionably that would be an adsorption 
layer between the two liquid phases. 

X-Q. 148. When the bubble is then immersed so 
that it is merely a hole in the pulp filled with air, would 
you say that it has a film about it? 

A. I should think that would be a question of the 
definition of a film. Speaking accurately, I should not; 
. I should say that it had about it a layer of oil which 
“hs this property that I have been repeating, of vary- 
ing its concentration from the greatest concentration of 
oil at the air-liquid interface, gradually tailing off, de- 
creasing until you get to a maximum concentration of 
the water at a distance from the bubble. ’ 

X-Q. 149. In talking of the oil as you have in the 
last few answers, have you reference to an insoluble 
substance ? 
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A. I presume you mean by insoluble the word as it 
is applied ordinarily to what are called insoluble oils 
as dit famsaaenctrom the so-called soluble oil? 

X-Q. 150. Well, take it that way and explain it. 

A: I should say that the difference there is merely 
one of degree, and not of kind. That same thing 
would occur whether I were describing soluble oils 
here or the so-called insoluble oils; the difference being 
that the layer through which you pass from maximum 
concentration of oils to maximum concentration of 
water would be somewhat thicker, and ,bearing in 
mind that that change takes place through,a small dis- 
tance here that it is practically impossible to distinguish 
it with the naked eye, you would still have the working 
condition about as presented in the previous discussion. 

X-Q. 151. Well, let us take the case of a complete- 
ly soluble modifying agent—frothing agent—dissolved 
in the water: what will happen then in the submerged 
air bubble? 

A. Are you willing to further qualify your answer 
by stating that the oil or soluble modifying frothing 
agent will lower the surface tension of the pulp if it 
concentrates at the air-pulp contact? 

X-Q. 152. As I understand it, that is a character- 
istic of all frothing agents, that they lower the surface 
tension. 

A. I just wished that to appear in the question: 

X-Q. 153. That is your understanding, is it not? 

A. That is my understanding. If, then, that agent 
will lower the surface tension by adsorbing or concen- 
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trating at the gas-liquid interface, it will so concen- 
trate and adsorb. 

X-Q. 154. Now, under such a condition, the dis- 
solved frothing agent is normally distributed through- 
out the whole mass of water and pulp? 

A. Yes. 

X-Q. 155. You agitate so as to introduce air, or 
you introduce air by any other means, and you get a 
bubble in the pulp? 

A. Yes. 

X-Q. 156. Now, what kind and degree of concen- 
tration do you get around the wall or surface of that 
submerged bubble? 

A. A sufficient concentration to lower the surface 
tension of the pulp at the gas-liquid interface. 

X-Q. 157. Now, when the metallic particle meets 
that kind of a bubble, what happens? 

A. The same thing exactly as happened in the case 
represented on the blackboard, provided that there is 
enough of this so-called soluble frothing agent there to 
coat the ore particles in the froth with a sufficient film 
of oil to allow of the selection of the gangue from the 
sulphide. 

X-Q. 158. Now, in order to get away from oils, 
which you have rather interjected into your answers— 
suppose we take acetic acid as the soluble frothing 
agent, which reduces surface tension and produces, 
under the use of agitation and aeration, metalliferous 
froth—you know it does that? 
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A. I have not done it experimentally, I will take 
your word for it. 

X-Q. 159. Isn’t it a known fact among students of 
this subject that acetic acid will do that? 

A. I have heard of it, but I have not seen it. 

X-Q. 160. Well, upon that assumption you can go 
ahead and tell me what will happen; describe the con- 
dition of the concentration or the condition. 

A. The acetic acid in this particular instance plays 
the part which has been ascribed to the oil in the pre- 
ceding discussion, provided that the acetic acid will 
lower the surface tension of the pulp, if it concen- 
trates or adsorbs at the gas-liquid interface. I have 
not looked the figures up on that, nor have I made any 
experiments on it, so that my answer is based entirely 
on general reasoning, as concerns the process. 

X-Q. 161. I unfortunately selected a soluble froth- 
ing agent with the action of which you were not fam- 
iliar. What soluble frothing agents have -you operated 
with and are you familiar with? 

A. Iam not particularly familiar with the action of 
any of the so-called soluble frothing agents as opposed 
to the so-called insoluble frothing agents, Mr. Williams. 
My work to date has been most largely attempting 
to construct a theory and reconcile with that theory 
observed facts, and it has not yet extended to the 
point where J feel myself qualified to state from 
definite experimental data anything in regard to any 
such difference as T presume you are attempting to 


indicate. 
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X-Q. 162. Phenol and cresol you know they are 
soluble frothing agents? 

Ee Yes. 

X-Q. 163. And you know that they are present in 
wood tar oil? 

Eo YS. 

X-Q. 164. And coal tar oils? 

A. Yes, I do. I know that from reading; not 


- 


from analysis. 

X-Q. 165. Is your knowledge such that you can 
give me any figures as to the actual concentration 
that would take place at the surface of an immersed 
air bubble in the presence of any dissolved frothing 
agent? 

A. No, sir. 

X-Q. 166. You do not know as a fact that the 
ratio of concentration is less than one millionth? 

ve NO, Sir. 

X-Q. 167. You don’t know that? 

A. No, sir. 

X-Q. 168. Now, in the presence of a soluble froth- 
ing agent what happens to the metallic particle before 
it meets an air bubble? 

A. It probably has adsorbed or concentrated at its 
surface some of the soluble frothing agent. 

X-Q. 169. You put that forth, of course, as a 
theory? 

Eeeees 2 theory. 

X-Q. 170. And when that metallic particle meets 
an air bubble, just what happens? 
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A. I should expect that some of the soluble froth- 
ing agents which had been adsorbed at its surface 
would adsorb at the air-liquid contact. 

X-Q. 171. Then what happens to the metallic par- 
ticle? 

A. If the degree of adsorption at the air-liquid con- 
tact is sufficient so that the condition that I have rep- 
resented in my diagram 7 obtains, then the sulphide 
particle will pass into the layer of higher degree of 
concentration of the so-called soluble frothing agent 
and be carried to the surface with the bubble. 

X-Q. 172. And what holds it there in the rush 
and swirl of the pulp while being agitated? 

A. This surface force of adsorption and the fact 
in that in that particular condition in the pulp the sul- 
phide particle represents the condition of least pos- 
sible potential energy of the mixture of sulphide par- 
ticle, soluble frothing agent and concentrate at the 
surface of the bubble and water. 

X-Q. 173. What happens to that bubble when it 
commences to emerge from the pulp? 

A. Some of the soluble frothing agent—I] sup- 
pose you are still talking of these so-called frothing 
agents ? 

X-Q. 174. Yes, the same ones. 

A. Adsorb at the new air surface that is formed 
because by so adsorbing and by so concentrating it 
can reduce the energy of the system formed of soluble 


frothing agents, water and gas. 


° 


Butte & Superior Mining Company. 3009 
Prof. Arthur Fay Taggart. 


X-Q. 175. And then as that bubble rfises up out 
of the pulp what happens? 

A. This process continues ,the bubble emerges into 
the air, at the air surface there is a concentrated layer 
of the so-called soluble frothing agent, the concen- 
tration passing off toward the interior of the film 
and at the center of the film the concentration of the 
so-called soluble frothing agent is Feast and the con- 
centration of water is greatest. From that point onee 
the concentration of the so-called frothing agent in- 
creases until at the other gas surface the concentration 
is again a maximum. 

X-Q. 176. That is to say, at the outside of the 
bubble you have a maximum concentration; at the 
inside wall of the bubble or the inside of the film of 
the bubble you have a maximum concentration and 
passing through the thickness of that wall, however 
thin it may be, you pass through these stages of maxi- 
mum, minimum maximum? Is that right? 

A. Yes, sir. 

X-Q. 177. And where is the mineral, the metallifer- 
ous mineral product? 

A. The mineral is wholly within the bubble, the film. 

X-Q. 178. That is given as a theory? 

A. No, that is an observed fact. 

X-Q. 179. An observed fact as you showed it to me? 

ee Yes, sir. 

X-Q. 180. But I could not observe it. 

A. Perhaps you are not accustomed to working 
through a microscope. 
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X-Q. 181. Now you have showed it to me with an 
oil? 

A. Yes, sir. 

X-Q. 182. And that oil was, so far as we saw it there, 
insoluble oil, was it not? 

A. Insoluble? a 

X-Q. 183. An insoluble oil, an oil that hag not been 
dissolved ? 

A. I should not attempt to so define it from my ob- 
servation. 

X-Q. 184. Was that oil partly dissolved, that we 
saw under the microscope? 

A. I think unquestionably so. 

X-Q. 185. Partially dissolved and partially undis- 
solved. 

A. -I think unquestionably so. 

X-Q. 186. What kind of an oil did you use in that 
experiment? 

Eeeieenic particular case: 

X-Q. 187. In the particular experiment that you 
showed me? 

A. I would have to ask somebody from the Butte & 
Superior to say as to the oil. The phenomenon to be 
observed is the same with any oil so I didn’t pay any 
particular attention to the oil that was used. If you 
care—would you like— 

MR. WILLIAMS: I will take the statement of who- 
ever put the oil in. 

MR. SCOTT: Mr. Dosenbach. 
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MR. DOSENBACH: The oil was mixture consist- 
ing of 70% fuel oil, 18% pine oil and 12% kerosene. 

X-Q. 188. MR. WILLIAMS: Endeavoring to put 
the matter in language not scientific, perhaps, but more 
understandable to the lay mind: When you have oil, in 
the flotation process, the oil coats the metal, doesn’t it, 
in the pulp? 

A. I think that some of it, some of the metal in the 
pulp is coated. As I say that question of coating the 
metal in the pulp is purely a question—I presume you 
mean before the metal comes in contact with an oil coat- 
ed bubble? 

X-Q. 189. We will take that? 

A. That is purely a question of chance. You have 
got a certain number of globules of oil in the pulp, 
emulsified there, an enormous number, millions or even 
billions would be needed to express the number. Also if 
[ recollect correctly, a cubic inch of a sulphide subdivided 
into the size of the ordinary flotation process breaks up 
into something like three hundred million particles. Now, 
in a mixture containing millions of oil globules and mil- 
lions of sulphide particles, the number of probable com- 
binations of the oil globules and solid particles is of 
course enormous, and there are therefore an enormous 
number of chances for an oil particle and a sulphide par- 
ticle to come together. If they do so come together the 
oil would tend to absorb at the sulphide surface by re- 
placing the water. If, however, one of these particles 
should miss meeting an oil globule of course it would 
miss being coated. 
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X-Q. 190. Now, turning to your diagram 7 and to 
the line that you have indicated CD. In the case of a 
soluble frothing agent, a frothing agent wholly in so- 
lution, to the right of that picture would be water con- 
taining soluble frothing agent dissolved in it, would- 
i tote 


Pee YS. | 
X-Q. 191. What would be to the left of that pias 
where you now have oil? 

A. The concentration of the soluble frothing agent 
to the left, and you will recollect that my line CD rep- 
resented a line somewhere around in here surrounding 
the bubble, so that there is the so-called oil to the leit 
of this line and the water at the right. The concentra- 
tion of the so-called soluble frothing agent will increase 
as the air-liquid interface is approached. : 

X-Q. 192. And the upper of your particles marked : 
“Sulphide” will be where with the soluble frothing | 

agent? : 

A. There. And in the same position that they are 
are marked there. 

X-Q. 193. And the thing that shields that metal par- 
ticle from the air inside the bubble will be where? 

A. This. The interface between the air and the 
liquid, and at that interface the oil will be most whol- 
ly—or the frothing agent will be most wholly concen- 
trated. 

X-Q. 194. And you present that theory without 
a knowledge of the amount of concentration that 


takes place? 
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fee Yes, Sir. 

X-Q. 195. And as to whether it may be a wholly 
negligible factor? 

A. Well, it is not a wholly negligible factor. 

X-Q. 196. You accept the term “selective action’? 

A. As meaning what? 

X-Q. 197. Oils and metals in the ore pulp. 

A. As meaning that the oil has a- tendency to re- 
place the water at the surface of the sulphide particle 
and that the water has a tendency to replace the oil at 
the surface of the gangue particle, yes, sir. 

X-Q. 198. Now, suppose we have a pulp in which 
acetic acid is dissolved? 

A. Yes, sir. 

X-Q. 199. Has acetic acid that same Peni for 
metal ? 

A. It must have if the sulphide particle concen- 
trates at the surface of the air bubble in a way en- 
tirely similar to the way in which it concentrates at 
the surface of the air bubble when oil is used as the 
contaminant rather than acetic acid. ! 

X-Q. 200. And how about the gangue? 

A. The same statement must apply. 

X-Q. 201. That is to say, the acetic acid solution 
selects the metalliferous mineral for concentration at 
its surface and does, not do so as ito the gangue? 

A. Whatever eae at the liquid-gas interface, 
when acetic acid is used as the contaminant, forms 
there a film which acts with respect to the sulphide in 
a way entirely similar to the way in which the oil acts 
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when oil is used if, as I say, the sulphide concentrates 
at this gas-liquid interface. 

X-Q. 202. Take such a substance as saponine in so- 
lution in water. Will that reduce the surface tension? 

A. I do not know. 

X-Q. 203. Will that adsorb at the surface of the 
metal ? 

A. I do not know. 

X-Q. 204. Where, in your theory, is the selective 
action of air for metal utilized? 

A. It is not utilized. 

X-Q. 205. Discarded—You discard it? 

A. Yes, sir. 

X-Q. 206. Wholly? 

A. Yes, sir. 

X-Q. 207. Take soap, for example. That dissolves 
in water. That reduces surface tension, does it not? 

A. Yes, sir. 

X-Q. 208. Does that adsorb at the surface of a min- 
eral when thus dissolved. 

A. Ido not know. It is not necessary that every- 
thing which reduces the surface tension of a liquid 
and thus adsorbs at the surface and aids in stabilizing 
a froth will also select a sulphide mineral from a gan- 
gue. . 

X-Q. 209. Why not? 

A. Ido not know. These are experimental facts, 
that there are certain substances which so adsorb at 
gas-liquid surfaces will select sulphide mineral from 


gangue. 


Buite & Superior Mining Company. SICH: 
Prom atthar Fay Vageart. 


X-Q. 210. And are both these conditions necessary 
tor froth flotation? 

A. First that the—no, it is not necessary that the 
particle which selects shall also reduce the surface ten- 
sion. 

BeO. 211. But is it necessary that there should be 
something to select and something to reduce the sur- 
face tension? ; 

A. No. There should be something to select. 

X-Q. 212. Well, what do you mean by that? 

A. That there should be present something which 
will adsorb, or which will cause adsorption at the sur- 
face of some substance which will have a selective 
action for the sulphide as opposed to its selective ac- 
tion for gangue. 

X-Q. 213. Isn’t air such a substance? 

P. 3015, After L. 19, insert “ A. I don’t know that from my 


own investigation.” 


a — = we wit oe 


A. I have seen the operation at the Butte & Su- 
perior Mining Company’s mill and at the mill of the 
Utah Copper Company. 

X-Q, 216. During what period? 

A. Recently, since I have come to Butte. 

X-Q. 217. Since the first of the year? 

A. Yes, sir, since I have come to Butte. 

X-Q. 218. And all these operations that you ob- 
served were with what general proportions of oil? 

A. I do not know. I do not know at Butte & Su- 
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perior. 1 do not know what all the operations were 
at the Utah Copper. Some of them I know and some 
of them I do not. They were more or less varied. 

X-Q. 219. I suppose you would not be able to rec- 
ognize the difference between large and small quanti- 
ties of oil? 

A. That depends upon how large and how small. 

X-Q. 220. Well, take below twenty pounds and 
above twenty pounds—take four pounds of oil to the 
ton of ore and then 22 pounds of oil to the ton of ore. 
You would recognize the difference at once wouldn’t 
your | 

A. I can’t say, Mr. Williams, because my experi- 
ence with these operations has been, as you see from my 
answer to the last question, rather small and I would 
not say. If you will say 200 pounds or 250 pounds, 
yes; I can tell that without any question. 

X-Q, 221. Well, suppose we take an operation with 
two pounds of oil to the ton of ore, one tenth of one 
per cent. As I understand your theory the oil carries 
the mineral in the froth, is that right? 

A. The froth carries the mineral; and the froth 
consists of oil and water and air. 

XO 222, Mighty little oil there, ism’t theres 

A. Yes. The bubble film, I should perhaps say. 

X-Q. 223. Have you ever seen the concentrates thal 
come from an operation of two pounds of oil to the 
ton or less? 

A. Not that IT know of. 
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X-Q. 224. You are not aware of the fact that the 
oil has disappeared from sight and touch? 

A. No, sir. 

X-Q. 225. Now, when you announced three condi- 
tions which determine the amount of oil, the amount 
of the sulphide mineral, the amount of aeration and 
the dilution of the pulp, did you base that upon a study 
of recent operations such as you have described? 

A. No, sir; that was based purely on reasoning, 
and, as I think I stated previously, some outside con- 
firmation in mill practice, in the figures presented pre- 
viously. I have not yet had time to go through those 
sufficiently thoroughly to make that an absolute state- 
ment, but the figures tend in that direction. It is very 
hard, as I think I said before, to sort such conditions 
out in mill practice, due to the fact that one of two 
conditions, or two of them, may be _ operating 
at the same time, and it is hard to segregate one from 
the other; but in such cases where two of the condi- 
tions do remain constant over any period, then the 
third is very plainly the determining factor in the 
amount of oil necessary. 

KX-Q. 226. As a matter of fact you put those for- 
ward as theories which seem reasonable to you? 

A. No, I put them forward as explanations—as 
predictions of what must occur, from observation of 
otaer observed phenomena. 

X-Q. 227. But they have not been subjected to the 
acid test of study of those conditions in the manner in 


3018 Minerals Separation, Limited, et al., vs. 
Prof. Arthur Fay Taggart. 


which they should be studied before you could put 
them forward as rules? 

A. Carrying all things constant and varying one 
of them, you mean? 

Pee 225. Yes. 

A. No, J have not. 

X-Q. 229. You said in one of your answers that 
acid in the froth flotation process tends to adsorb 
at the gangue particles. 

A. At the surface of the gangue particles. 

X-Q. 230. Did you refer to any particular acid? 

A. Sulphuric acid. That is the one principally 
used. 

X-Q. 231. Does that imply that there is a re- 
duction of surface tension by reason of that adsorp- 
tion? | 

Peo: 

X-Q. 232. Does sulphuric acid when dissolved 
in water, increase or diminish the surface tension 
of the water? 

A. I believe that it increases it. 

X-Q. 233. That is a well known scientific fact, is it 
not? 

A. I have seen it stated ‘recently in some books; 
I looked it up particularly in anticipation of the ques- 
tion. 

X-Q. 234. The Chemical Calendar gives that, doesn't 
it? 


' A. Yes, I think so. 
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X-Q. 235. A rather remarkable fact, that sulphuric 
acid, when dissolved in water, increases the surface 
tension of water, making it a rather unusual substance 
in that particular, isn’t that the fact? 

A. I did not read that. 

X-Q. 236. Isn’t it a fact? 

A. I don’t know as to that. 

X-Q. 237. Now, in your article, of which I read 
portions to you; in case No. 2, sulphide gangue, water, 
oil and acid. You say “The addition of the acid has 
the two-fold effect of further lowering the surface 
tension and decreasing the adhesion ratio.” That is 
true, is it not? 

A. True reading, yes. I have learned more since 
that was written. 

X-Q. 238. That was a mistake? 

A. That was a mistake. It will be noticed, I 
think, if you look at the paper that the lowering of the 
surface tension by the acid—if you will recollect the 
experiment here, the question of lowering of the sur- 
face tension has not been emphasized as the import- 
ant factor in the stabilizing of the froth. 

THE COURT: I suppose your science is like law, 
always something to learn? 

A. Yes, exactly, and this is rather a new branch. 

X-O. 239. MR. WILLIAMS: How would you 
popularly define this viscosity? 

A. I think, as the resistence of two adjacent parts, 
both liquid, to the movement of one part past the 
other. . 
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X-Q. 240. Would tenacity be suggestive of the 
quality of viscosity? 

A. Well, I should think that viscosity with that 
definition would be a sufficiently definite term to 
use. 

X-Q. 241. Would you accept “tenacity” as some- 
what illustrative of the quantity of viscosity? 

A. No, I would much rather use viscosity. Tenac- 
ity has an entirely different meaning. 

X-Q. 242. Do you know the methods that are 
used or that are perhaps the most usual methods used 
to measure viscosity? 

A. No, sir; I think that one of the subsequent 
witnesses can probably give you the physical methods. 


RE-DEREC fyi CON: 
Day Vike CO I I: 


R-Q. 243. Do you know of any instance, Prof. 
Taggart, in which a substance which has the effect 
of raising the surface tension of water understood to 
produce froth flotation and concentration? 

A. In the Potter-Delprat process, which consists 
in the introduction into a pulp, finely ground, of hot 
sulphuric acid, and a stirring of that pulp, there arises 
to the surface and forms on the surface a froth, which, 
looked at under the microscope, is similar in appear- 
ance to the froth which I showed this afternoon; that 
is, it consists of a liquid film generally within which 
are the particles of sulphide, and as far as I have been 
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able to see, those particles are contained as wholly 
within the film as the particles in this film that we 
had here. Sulphuric acid raises the surface tension, 
and we get conditions that are entirely similar to the 
conditions to the process using oil. The question, how- 
ever, will come entirely under the general presenta- 
tion, that there is some substance present within the 
contaminated mass which by eee or concentrat- 
ing at the surface—at the liquid-air surface, lowers 
the surface tension, and which has the further quality 
of selecting the sulphide from the gangue. The bubbles 
then rise to the surface and notwithstanding the fact 
that th8se bubbles may have a somewhat higher sur- 
face tension than that of water, there is, nevertheless, 
due to the selective action of whatever the film is at 
the surface of the bubble, that the sulphide particles 
—There is present a film of solid matter which is 
sufficient to stabilize that mass long enough to allow 
the froth to be removed from the machine. 

R-Q. 244. Can you draw any inference regarding 
the relative importance of the powdered ore atrdéthe 
hkowdered ore and the liquid frothing agent as a 
stabilizing substance from the fact that this Potter 
Delprat process can be carried out, notwithstanding 
the raising of the surface tension of the water by the 
reagent used? 

A. It is my opinion that the stabilizing by means 
of the solid matter is by far the most important 
part of the process of stabilizing. I think that was 
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well represented in the experiment this morning in 
which you saw that with plain water, at the water- 
air interface, the solid matter stabilized the film and 
made it act approximately as a solid, while at the 
air-liquid surface, when the solid matter was absent, 
and yet some of the soluble agent was present, there 
was no such stiffening of the film as to cause the 
surface to act approximately as a solid. 

R-Q. 245. Could you tell a bubble film of the 
Potter process from one formed with oil, by examining 
them under the microscope? 

A. Not if the oil was used in very small quanti- 
ties. As you increase the quantity of the oil, of course 
it becomes more visible in the bubble films, and then 
you could; but J used in the particular experiment to 
which I] referred, a galena-limestone ore from Joplin, 
Missouri, some small quantity of blende being pres- 
ent, and in that particular ore—working on the Pot- 
ter-Delprat process, and working with a small quan- 
tity of oil, as limited a quantity as I] could use and 
still get froth, and I did not measure the exact quan- 
tities—Then J] could not tell the difference between 
the froths. It is not true that I had them presented 
to me, one and the other, without my knowledge as 
to which they were and attempted to tell the dif- 
ference; but with the knowledge of the facts before 
me | could not distinguish any difference. 

R-Q. 246. If the ot! were used in something above 
the minimum quantities, would it be by reason of any 
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difference in the structure between the oil formed froth 
and the Potter froth that you would distinguish them, 
or merely by your ability to see the oil as oil? 

A. I think merely by my ability to see the oil and 
see the possible play of colors at the bubble surface, 
due to oil contamination. 

R-Q. 247. As far as the structure of the film and 
the nature of the film goes, would there be any dif- 
ference between the two, even though a large amount 
of oil were used? 

A. No difference in character; merely the differ- 
ence in the thickness of the oil layer. 

R-Q. 248. I think this morning you stated, and 
also this afternoon, that it is not essential to this 
process that the sulphide particles be coated with oil: 
that they are very likely to become coated with oil, 
but that it is not essential, and you stated that—l 
am not sure whether you stated that it was not neces- 
sary to pre-agitate before sending the pulp to the 
Spitzkasten or to the machine provided with the 
Spitzkasten; but in view of that statement I will 
ask you why it is that they usually agitate it before 
sending it to the Spitzkasten? 

A. I think there are two reasons probably. If you 
do not preagitate, then you do not get the emulsifica- 
tion previous to the passage of some of the pulp 
into the Spitzkasten—That is, you do not get as great 
pre-agitation as where you use a couple of preliminary 
agitators before the separating process. The re- 


3024 Minerals Separation, Limited, et al., vs. 
EfOteaAtthur Hay Lacennt 


sult of the lack of such pre-agitation is that mo 
the oil in the pulp, which has not yet been taken‘ by 
bubble surface? floats and is therefore lost to the 
process; and furthermore, to get as complete aera- 
tion and give as good a chance for the sulphide par- 
ticles to pass into the froth, were you not using this 
preliminary agitation, it would be necessary to add 
one or more Spitzkasten and agitators to the regular 
flotation machine. There are those, two things, and 
probably the fest important factor is the one of con- 
serving the oil,—not wasting it on the surface of the 
tirst Spitzkasten. 


RE-CROSS EXAMINATION, 
BY evn WILLIAMS: 


RX-QO. 249. TI don’t think that you have described 
‘the oil bubble carrying metal particles as it is above 
the surface of the liquid. 

A. I attempted to, sir; I said that we had at the 
interior of the bubbles, air; surrounding that a liquid 
film, composed, in the case of the oil bubble, of oil 


and water; that at the air-liquid contact—and 1 speak 
here of the air within the bubble—there is a concen- 


a high concentration of the oil, and 


tration of the oil 
as you pass toward the center of the film the de- 
eree of the concentration of the oil lessens «aid the 
degree of concentration of the water increases. unttl 
at the center of the film the water is at its maximum 
concentration. Passing from that point outward, the 
degree of concentration of the water lessens and the 


CF 
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degree of concentration of the oil increases to the onie~ 
air-liquid interface, where the oil concentration is again 
a maximum. | 


RE-RE-DIRECT EXAMINATION, 
fy MR. SCOTT: 


R-Q. 250. One more guestion. Have you raade 
such a study of the Potter-Delprat process 23 would 
enable you to advance an explanation of those pro- 
cesses corresponding to the explanation that you have 
given of the oil process today? 

A. Well, I should say that the explanation was 
absolutely the same, except that I dé not know what 
the particular thing is which concentrates at the air- 
liquid contact, and which has a selective action for 
sulphide mineral as opposed to the gangue. We sus- 
pected, when we first started, that that thing was a 
case of gas attachment to the particles, and we were 
very much surprised and rather dumbfounded at first 
when we examined the films under the microscope and 
found that they were, in as far as we were able tu 
distinguish, the same films that we had been obtain- 
ing by the use of oil—in appearance. 

R-Q. 251. You have never ascertained, then, what 
it is which brings about this selective action? 

A. Not apart from the fact that the system tends 
to arrange itselfi—and this is of course good physics 


—in stich an order as to present the least energy—as 


to have the least potential energy. 
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BY MR. WILLIAMS: 


RX-Q. 252. Are you sufficiently familiar with the 
history of the subject to know that the Potter process 
won't work with slimes? 


A. No, sir. 


i} 


WITNESS eu ED: 


PROFESSOR FREDERICK E. BEACH, a witness 
called on behalf of the defendant being first duly 
sworn testified as follows: 


DIRECl EXAMINATION, 
Py evi SCOTT: 


©. 1. Please state your full name. 

pemeeredetick E Beach: 

Q. 2. Will you please state your qualifications for 
testifying upon the subject now before the court? 

A. Well, I] was educated at Yale University, and 
iy undergraduate course was as a student of mech- 
anical engineering. After graduation I spent four 
years, part of the time as an apprentice and part of 
the time as a journeyman machinist, and then for a 
few years I was a draftsman, and after that I returned 
to Yale University as a graduate student, and after 
three years’ study received a degree of Doctor of 
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Philosophy, and since that time [ have taught there, 
and my present position and title is Assistant Profes- 
sor of Physics in Yale University. My teaching has 
been, with very slight exception, in the department of 
the university known as the Sheffield Scientific School ; 
that is, the scientific department of the university as 
compared to the classical department. 

©. 3. About how many years has your connection 
with Yale University as an instructor or professor 
covered? 

A. As I remember it, I have had charge of class- 
room instruction—not as a ak: laboratory assistant, 
but as a classroom instructies, since 1891. 

Q. 4. I presume considerable of your time is given 
to research, as well as instruction? 

A. No, not a great deal; my occupation has been 
more particularly with the teaching functions than with 
research. 

©. 5. Have you any connection with mining opera- 
tions or mining interests? 

A. No; personally, none. 

OQ. 6. How did it happen that you became inter- 
ested in this flotation concentration process? 

A. Well, it was a matter of conference between 
the different departments. The staffi—the Faculty 
of the Hammond Mining Laboratory, that is, the so- 
called mining department of the university, had this 
problem there, to teach flotation, and flotation processes 
of mineral separation; and as no accepted explanation 
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had been given, and it was regarded as more or less 
of a mystery, a request was sent over to the Physics 
Department, the Sloan Physics Laboratory, for some 
collaboration on a work of investigation to see if we 
could find out what the explanation for this particular 
phenomenon was. 

QO. 7. Did you make some progress in that in- 
vestigation? 

A. Why, yes; after studying it for a number of 
months—I don’t recall just how long, but 6 or 8 
months—we felt satisfied that we had a true and 
satisfactory explanation. 

Q. 8. Can you summarize the points in the theory 
vou armived aie 

A. Well, stated in a very popular way, it might 
be something like this: To take examples of familiar 
separation: Suppose, for example, that you had par- 
ticles of finely divided gold held more or less in sus- 
pension in water. Now, it 1s known that mercury— 


quicksilver—has a selective action on gold; it'is popu- 
larly said that mercury wets gold. As a matter of 
fact, gold is soluble in mercury, forming what is called 
an amalgam. So that, to make a sort of hypothetical 
separation process, imagine that we had a lot of small 
mercury nalicte falling down through a pulp con- 
sisting of water and suspended gold particles; as these 
mercury globules touched these gold particles, the gold 
would stick to the mercury and would be carried down 


to the bottom. Of course there is not any such actual 
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process carried out; the actual selection of the gold 
particles by, mercury is carried out in a different wav 
practically, the amalgamation process. 

Now, to continue our imaginary picture, suppose 
that these little globules of mercury were blown full 
of air, so era they were mercury bubbles, and sup- 
pose that they fie in at the bottom of the vessel ,were 
they would rise up through the mass, the little ane 
of mercury on the outside of this bubble coming in 
contact with the gold particles would carry them up. 
We should have the elevation of the gold amalgam 
to the top of the surface. That is a picture that we 
could have in our mind of how we could separate 
gold by the aid of the selective action of mercury. 

Now, we have a somewhat similar case in regard 
to sulphides and oils. It is known—I think it is 
acknowledged by everyone—that oil wets sulphides— 
and when I say sulphides ] mean in general, metallic 
ores, or ores having metallic lustres; I do not specify, 
sulphide as a particular case—Oil wets sulphides, and 
the sulphides adhere to the drops of oil. Suppose we 
took an amount of dense oil and let it fall down 
through a pulp, which is water containing a lot of 
sulphide particles in suspension, and that these drops 
of oil were heavy enough—I mean if the density of 
the oil were near enough to unity, or a little more 
than unity—as they dropped into the water surface 
they would fall a certain distance, and as they fell 
down, if they came in contact with anv particles of 
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sulphide they would carry them down to the bottom 
of the vessel, provided the density of the oil was 
greater than the density of the water. This is the 
analogy of the mercury drops carrying the gold down. 

Now, to reverse the case, suppose we take out the 
interior of the little dropg and fill it with air so that 
it is a kind of balloon except that the envelope of the 
balloon is oil or an oily film, and allow these oily 
balloons, so to speak, to rise up through this pulp to 
the surface. The sulphide would be above the sur- 
face, it would be elevated by these little balloons which 
they stick. Now, that is the mental picture that we 
formed of what actually happened in the flotation cell, 
after we had examined the process. Of course that 
does not account for all the details. J have it in mind 
a little bit later to point out the accepted scientific 
principles which bring all the processes of the flota- 
tion cell into harmony with the accepted facts or 
principles of physics. That is just a preliminary sketch 
of our idea of how flotation occurs. 

QO. 9. Would it be in line with your plan of ex- 
plaining this to state the particular principles or facts 
that you established? 

A. In order to explain how this thing comes out 
or occurs it would be necessary to establish on an 
experimental basis certain facts: first, the fact of the 
selective adhesion of oil to a ngetallic or sulphide par- 
ticle; second, it would be necessary to establish the 
existence and variation of surface tension; thirdly, we 


Butte & Superior Mining Company. SOS 
Prof. Frederick E. Beach. 


ought to establish the fact or the essential condition 
for a standard bubble film. These are essentially 
experimental facts. Now, fourth, we will make use of 
what is called the principle of minimum potential 
energy. The potential energy of a system tends to a 
minimum. In order to have a satisfactory explanation 
which would be accepted by the scientific world, these 
facts must be established. The principle, I suppose, 
is not subject to question. 

Q. 10. How do you proceed to demonstrate the 
selective adhesion of different liquids for a solid? And, 
if J might make a suggestion, if it occurs to you as 
we go along, I suggest that you make use of the simple 
experiment that we started with, whenever an an- 
alogy occurs, I think it would help us; that is to refer 
back to the mercury bubble or the oil bubble whenever 
occasion arises. 

A. Well, we are presented first with the question: 
Do different substances behave differently toward each 
other? Does one liquid wet a substance more than 
another liquid? And is there any way of making this 
quantitative? That is, I mean is there any way of 
saying that one liquid wets another twice as much as 
the first? That is the first problem that presents 
itself to me. In the flotation cell there is evidently 
some difference in the action of the liquids involved 
on the sulphide than that on the quartz. Now, can 
we exhibit or demonstrate in any way, apart from 
engineering processes, commercial processes, the fact 
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that these liquids do behave differently with respect 
to these substances? Waull one—we will resort to some 
very simple experiment. Take a pericctly clean platg 
of glass and put on it a drop of essentially pure water. 
Instead of this drop standing in a heap, it will flatten 
itself out and spread for a very considerable distance 
from the point which was initially touched. Now 
suppose you take the same water or a drop from the 
same sample of water and put it on the leaf of a 
familiar vegetable, cabbage, it will be observed there 
that this drop does not seem to spread out. In popular 
language without any attempt to make this a quantita- 
tive statement, one might say that water wets glass 
but does not wet the waxy vegetable surface. That, 
however, is not quite satisfactory to the physicist. He 
wants to know: -How much does the water wet the 
glass? Twice as much as it does the cabbage leaf? 
Or is it 100 times as much? I do not know of any 
book in which that answer has been provided. An- 
other familiar example of the selective action or a selec- 
tive adhesion of liquid for solids can be seen in the 
case of mercury. If a drop of mercury is placed on 
the surface of glass, if the drop is relatively small, it 
will gather itself together in a globular form. If a 
drop of mercury is put on a gold watch case, the 
mercury will flatten itself out and spread over very 
much as the water did on the glass surface. There is 


hel vidently some intimate and essential difference in the 
ov : 
jaws of substances with respect to each other. In 
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popular language it is said that mercury wets gold 
but mercury does not wet glass. That is not very 
satisfactory. In fact it is not altogether true and if 
the court would permit me I would like to show a 
simple experiment which will—I mean I would like 
to draw a figure to illustrate a simple experiment 
which J have often tried before classes to indicate 
that mercury does wet glass. It is simply a question 
of degree and not a question of difference in kind. 
Suppose that represents a horizontal surface of glass 
and you take— 

Q. 11. (Interrupting.) Professor, might | sug- 
guest that as you go along you letter everything so 
that when we have it here we can follow your illus- 
tration? 

A. “G” represents a horizontal glass surface. And 
if we put upon that a drop of mercury (“M’’) that 
mercury will ultimately assume a shape something 
like that (indicating). I intended that the upper sur- 
face should be level. The thing to which I wish to 
draw attention is that at the point which appears to 
be the point of contact of the mercury with the glass, 
the tangent of that curve makes an angle between the 
glass and the tangent of roughly something like 135 
degrees. J do not mean to say that it is always that, 
but it looks something like that. ‘his angle on this 
side might be 45°. Now, suppose we vary our ex- 
periment indicating the contact of mercury and glass 
in this way. Suppose we take a tube and on the end 
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of that tube we blow a little glass bubble or sphere 
(S). “I” represents the tube of glass; “S” the sphere 
which has been blown at the end of it. We will assume 
we make use of the convex surface of glass. Now, 
suppose we lower that down until it touches a hori- 
zontal surface of mercury. “H” is the horizontal sur- 
face of the pool of mercury (M). Externally it will 
be observed that this mercury surface is not level, as 
we get very close up to this sphere, but that it will 
rise above the hydrostatic level of the mercury, and 
we shall have the condition of things which was really 
present here, namely, that the angle between the tan- 
gent, the liquid surface and the tangent, the glass 
surface is a™gain something like 135°. That is to 
say, the same condition of things occurs there as 
occurs here. But when you look at this diagram 
with the mercury rising up to meet the glass you will 
be’ convinced—when you look at that I say you will 
be convinced that mercury does wet glass. It sticks 
to it, adheres to it. Otherwise, it would not rise 
above its horizontal level. So, it is not true to say 
in such broad language that mercury does not wet 
glass. It is simply a question of degree, how much 
it wets it. Now, that is the first problem that is pre- 
sented to us to find out how much these different 
liquids, oil, water, alcohol, acetic acid, other things, wet 
sulphide compared to the amount which they wet 
quartz or calcite or other gangue materials. 

Q. 12. Before we forget it I would like you to 
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mark the diagram. You might mark it diagram No. 
8 with your initials. 
(Witness marks diagram.) 
MR. SCOTT: We offer this diagram in evidence. 
MR. WILLIAMS: No objection. 


Diagram admitted in evidence and marked DE- 
DENDANYS EXHIEBIDY 131. 


WHEREUPON an adjournment was taken until 
10:00 A. M. Thursday, April 26th, 1917. 


Thursday, April 26th, 1917. 


FREDERICK E. BEACH resumed the stand for 
further 


DIRECT EXAMINATION 
bey MR. SHERIDAN: 


MR. SHERIDAN: If the court please, I would 
like to make a request this morning. We have some 
lantern slides of those pictures showing the different 
forms of bubbles and different froths with different 
varieties and kinds of oils. Now, it is not going to 
be very agreeable to show these in the daytime, either 
to the court or counsel; and if the court will give us 
an evening session, any evening, beginning, say at 
eight o’clock, it will probably take an hour and a quar- 
ter to an hour and a-half to show them. I think it 
will be very instructive. A photograph looks flat while 
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a lantern projection wil] look very clear. We want 
them in evidence, but we would like to show them as 
we offer them. 

DENeROOURT: What are these? 

MR. SHERIDAN: Lantern slides of those photo- 
sTaps you saw. We have the lantern and the slides. 
Any evening that will suit the court and counsel. 

aE COURT: Ali right, some evening before you 
get through. 

MR. SHERIDAN: Most any evening. We can 
make it tonight or tomorrow night or any evening that 
will suit you. 

TERE OL tien Bi ciieinice: you have some spe- 
cial reason, next week. 

MR. SHERIDAN: No, no special reason. 

OF 13.” Now, Professor Beach, if you had not fin- 
ished, will you kindly continue? 

A. I was discussing at the close of the session, 
some methods by which we could judge quantitatively 
of the degree of wetting of a solid by a liquid. Now J] 
satisfied myself that if we put a drop of a liquid upon 
the clean surface of a solid, the way in which this drop 
heaps itself up is an indication of its degree of wet- 
ting. If I may have a sheet of paper oy the black- 
board I will endeavor to illustrate what I mean. Sup- 
pose that that represents a clean surface of aluminum 
(Al.) and suppose by means of a medicine dropper 
you put upon that a small drop of water. By “small 
drop” I mean two or three millimeters in diameter. 
Then I find that that drop heaps itself up in some 
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such way as that and the angle between the tangent 
and the surface of that side of the horizontal measured 
around there, this angle in most of the text books is 
called the angle of contact; but if you will permit me 
we may perhaps change that designation here. Let 
us call it the angle of repose. This is a heap of water 
and it finally seats itself so that it has a certain angle 
toward the horizontal surface. I find by referring to 
my notes of some measurements that I carried out 
Mpon this, that that angle, call it “theta” was 85°. 
with a variation either side of something like 1°. This 
was water and this was an aluminum surface. I tried 
a similar experiment, putting on it a drop of oil, for 
example oleic acid, and in that case— 

Q. 14. Will you mark that “Oleic acid” please? 

A. (The witness marks the word “Oil’). In gen- 
eral a drop of oil does not heap itself up in the way 
that the water does, but flattens itself out. I do not 
happen to have in my notes exactly what that angle 
was, but it was very small. Now, we judge of the de- 
gree of wetting, or the intimacy of the contact, the 
adhesion of the oil to the aluminum compared to the 
adhesion of the water to the aluminum by this angle 
that I have called the angle of repose. So here, we 
have a way of testing or examining what has been 
called the affinity of the liquid for the solid or the 
degree of wetting of the solid by the liquid. 

THE WITNESS: I would like to call now for the 
chart which Professor Taggart showed in his testi- 
mony yesterday. 
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Q. 15. Are you through with that chart there; if 
you are, kindly mark it “Beach diagram No. 9”. 

A. I have marked it “Beach diagram No. 9”. 

MR. SHERIDAN: I offer the diagram in evidence. 


Diagram No. 9 admitted in evidence and marked 
DEEEN DAN) S 2 XE 


(Taggart diagram No. 3, defendant’s exhibit 126, 
handed to witness). 

THE WIENESS. “in the experinientaayiichiew ac 
shown to the court yesterday and of which this is a 
diagrammatic representation, we observe that the oil 
heaped itself up; that there was a very small portion 
of the surface of the quartz in contact with the oil, 
the oil being immersed in water; on the contrary. 
there was a considerable degree or area of contact with 
the oil and the galena. Here we have, then, of the 
principles which I have enunciated, experimental evi- 
dence, using different substances, different kinds of 
gangue, different kinds of sulphide and different kinds 
of oil, a means of judging how good this oil ‘is in se- 
lecting the galena, and how good the quartz will be in 
rejecting the oil that is setting in the water. I will 
return to this discussion after having announced and 
explained certain other facts. This was the first one 
of the three facts which I propose to discuss, namely, 
the selective adhesion of a liquid for a solid. 

Now, the next fact that we need to consider is the 
question of surface tension, the existence, and the 
possibility of varying surface tension. Every liquid 
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surface behaves as if it were under tension; it behaves 
in some respects like a stretched elastic membrane; 
this, however, is only a way of looking at it. The 
thing that we actually observe is that when the con- 
straints are removed, the tension is relaxed. It is mere- 
ly a mental picture. We do not say it 1s actually un- 
der tension, but it behaves as if it were under tension. 
This is a well known and accepted and undisputed 
fact. 

Now, I want to introduce another way of looking 
at this phenomena. I want to show that every square 
centimeter of any surface has associated with it a def- 
inite amount of energy, which is numerically equal to 
the surface tension, and this will be a little more help- 
ful way of viewing the phenomena for our purpose. 
Considerise any body, and imagine that it consists of 
two parts. Those parts are not separated at present: 
those are tied together and held there by & very strong 
force. It would take a pull of many pounds to sep- 
arate those two parts of the body. Those forces are 
called the forces of cohesion; in other words, in order 
to separate those by pulling them apart, we have got 
to do a considerable amount of work upon the body. 
Now, after those parts have been separated, that en- 
ergy is regarded as residing in the body in the sur- 
face produced by separation; for, if we were to bring 
these parts together close enough, in sufficiently inti- 
mate contact—not experimentally, but theoretically, 
they would unite. In the case of certain substances 
such union does take place. JT am told that in ship- 
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ping fine plate glass it is quite necessary to have sheets 
of paper or something between them; otherwise they 
are likely to weld toegther under the influence of the 
pressure. If we were to take two flat surfaces of lead 
and push them together, even with my hands, the co- 
hesion would be shown to a certain degree, and I 
would have to pull a small amount in order to sep- 
arate them again. I simply have got back a certain 
amount of this energy if | allow the surfaces to re- 
unite. 

Now, another way of looking at that is this: that 
whenever we produce a new surface, we have added a 
certain amount of energy, and when we allow that sur- 
face to disappear by a complete union, we get the en- 
-ergy back again. It is not very obvious in the case of 
solid bodies, but in the case of liquid bodies it gives 
rise to important phenomena, the phenomena of sur- 
face tension. 

Now, I want to show that the measure or the nu- 
merical value of surface tension is numerically the 
same as the surface energy, and in order to do that. 
T will draw another diagram. Suppose [ have two 
parallel wires. One of these wires | will designate by 
the letter “MM” and the other wire by the letter “N”. 
Suppose I put across the first pair of wires another 
wire which I will designate by the letter “R’. Now. 
suppose that T put, up close to this wire, a fourth one 
which I will designate by the letter “S’. Now, upon 
these two wires which are practically in contact, sup- 
pose I put a soap solution, so as to form a film between 
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those two wires and then, taking hold of the wire “R™ 
and the wire “S’, I separate them by a certain dis- 
tance, which distance I will call “L’’. In order to do 
that, and in order to hold that in this position which 
it is to retain here—this rectangle being covered over 
with a soap film, and the soap film tending to contract 
—in order to keep this film stretched I must exert in 
that direction a force, which I will call “F’’. 

Q. 16. Will you letter that wire which you have last 
indicated? 

A. Sr. The new position of the wire “‘S” is called 
2.) YOU must exert on the otter edge of this him 
an equal force, F. We will also, if you please desig- 
nate the distance, between the wire M and the wire 
N, that is the breadth of our soap film, by the letter b. 
In stretching out this film we have done a certain 
amount of work which we may write in this way, “W”. 
W represents the work done by the force F iy moving 
the wire S from the position S to Sz, and the work 
done is the force F multiplied by the distance 1, which 
the wire moved. Now, consider the area which was 
inclosed there. The area of this film, the length 1, 
multiplied by the breadth b. But in a solid film we 
have two surfaces, an upper surface and a lower sur- 
face and each of these liquid surfaces has a liquid 
tension so that the total area involved in this par- 
ticular experiment is the area of our surface 1 x b, 
and the same area below. So, in order to get the work 
done per unit area of all the surface,involved we must 
divide by 2A and, substituting the value of A, we 
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have F1 divided by 2b x 1, or cancelling out the let- 
ter 1, we have F over 2b. That is to say, the force 
required to maintain this film stretched, divided by 
the total length of the film involved, which is the 
length b on the top side and the length b on the 
lower side. Now this force per unit is what in all 
text books is called the measure of the surface ten- 
sion and will be designated by the letter T. This very 
simple equation shows that the work done per unit 
area 1S numerically the same as the surface tension. 
Then in an ordinary soap solution, a fairly dilute 
soap solution, J] suppose that the surface tension is 
numerically about 27 dynes per linear cm. and that 
numerical value can easily be stated as 27 ergs per 
square centimeter. So, according to the kind of prob- 
lem that we are discussing we may either think about 
the forces that are involved or we may discuss the 
amount of energy which 1s associated with both areas 
of the surface. 

QO. 17. Will you kindly mark that diagram “Diagram 
No. 10”? 

(The witness marks the diagram “Diagram 10.”) 

MR. SHERIDAN: We offer the diagram in evi- 
dence as Beach Diagram No. 10. 

MR. WILLIAMS: No objection. 


The diagram was admitted in evidence and 
marked DEFENDANT’S EXHIBIT 133. 


THE WITNESS: I would now like to state one 
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or two facts in regard to surface tension or interfacial 
tension, that this tension depends upon the nature of 
the substance on either side of the interface; depends 
upon the temperature; it is the same in all directions 
in the surface; it is independent of the thickness of 
the film when that thickness exceeds a certain minute 
value. Now, if we may return again to the relation of 
the drop of oil upon sulphide and a drop of oil upon 
quartz we could get some interesting and important 
relat:ons which will be used in further discussion. Let 
us consider first the drop of oil upon the sulphide. 
This horizontal line will represent the upper face of 
sulphide. Suppose that we place upon that sulphide 
in the presence of water, a drop of oil. Suppose 
that this region here represents water. These are 
the conditions of the experiment as they were tried 
in the test yesterday. Consider that point which is 
just at the edge of the drop of water in the water. 
There are meeting there three surfaces or boundaries, 
the sulphide—oil surface, and in that interface there 
is a different amount of energy or interfacial tension 
which J will represent by an arrow and I will letter it 
Tso. That means the tension in boundary between 
the sulphide and the oil. In the “water-oil interface 
there is another tension which I will designate as 
Tow. In the boundary between the sulphide and the 
water at this interface there is another surface ten- 
sion which I will designate by Tsl, which subscrip- 
tion one refers to the medium immediately above the 
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sulphide. Now when that drop has come to rest 
that particle may be regarded as in equilibrium under 
the action of three forces. If we call this angle of 
repose here by the letter theta, then the position of 
equilibrium may be written in this way, that the pull 
toward the left, which is represented by Tsl is equal to 
Tso—Tow times the consine of theta. The consine of 
theta giving merely the horizontal component of this 
force. Now, looking at this equation, Tsl is necessarily 
greater than Tow, because 2s] is equal to Tso plus 
something else. In other words, the surface tension 
out here is larger than it is at that point. In other 
words if we could, in any way, cause that surface 


tension to diminish then this point would be drawn — 


farther and farther out. Then we see the degree of 
intimate contact of one liquid for a solid means a 
small interfacial tension. These are conditions which 
we have in the case of the oil upon the sulphide, dis- 
cussed in terms of the force. Now I have shown that 
these tensions are the same thing as the energy asso- 
ciated with each unit area. By the principle which 
may be discussed further ] have stated the potential 
energy of any system tends to diminish. We have 
here a relatively larger surface energy than that there. 
Now, by cutting out some of this surface we diminish 
the surface energy of the system, so in this particular 
case the area covered by the water, viz., Asi tends to 
diminish with respect to the area covered by the oil 
(Aso). Our experimental facts have now been stated 
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in language which will be very useful to us. When 
you put a drop of oil upon sulphide under water, the 
area covered by the water tends to diminish; the area 
covered by the oil tends to increase. 

THE WITNESS: Now, obviously, if we are using 
small particles of sulphide, the greatest possible area 
that can be covered by the oil, of sulphide, is when 
the body is within the material of the oil. 

Here, then, we have stated in definite scientific 
language a fact which is illustrative of the flotation 
process, namely, that the sulphides tend to bury them- 
selves within the material of the oily substance. 

Now, suppose we apply this same reasoning to the 
drop of oil on the quartz. I will number that diagram 
“Beach diagram No. 11.” 

Mins SHERIDAN: We offer in evidence the 
diagram marked “Beach diagram No. 11.” 


Said diagram admitted in evidence and marked 
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THE WITNESS: Suppose next that we illustrate 
the case of the drop of oil upon quartz. This horizontal 
line which I] have drawn represents the upper face of 
the quartz surface. In the experiment yesterday a drop 
of oil was seen to take a shape something like this. 
This medium above it and outside of the oil is water. 
We go through precisely the same steps of reasoning 
as before, considering a particle of oil at that point. 
The angle which T have called the angle of repose—the 
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angle of the tangent at that point that it makes with 
the horizontal surface, in this case I will designate 
that as phi. Here we have a tension between the 
boundary of the water and oil called Tow. In the bound- 
ary between the quartz and the liquid above we have 
another tension represented by the letter Tql; and at 
the boundary between the quartz and the oil we have 
another tension, which I will designate Tqo. These three 
forces I] will shade so as to make then: clearly con- 
spicuous. The difference of equilibrium between these 
three forces is this: |) lqo1s cqual tom@igiolns Tow 
times Cos. phi, from which we draw the important 
conclusion that Tqois greater than Tql, because it 
is equal to Tql plus something else. 

Now, as the surface. tension is the same thing as 
the surface energy, we see that the surface energy of 
the oil-quartz surface is greater than the surface en- 
ergy of the boundary between the surface of the ma- 
teriat QO and the region which J have called 1. Now, 
as this potential energy tends to a minimum, the sur- 
face having the greater potential energy will tend 
to diminish; in other words, the area of the surface Qo 
will tend to diminish with respect to the area Q1; that 
is to say, this drop of oil, when it is put on a quartz 
surface tends to draw in together; it is as 1f you had 
the water surrounded by an elastic skin; the greater 
the tension there is in this lower surface, the more it 
will gather it in together. It is the contrary or con- 
verse case to that we had before, where you diminish 
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the tension of the surface and the thing tends to let 
go or spread outt. 

We have now established these two things, that the 
area of a quartz-oil surface tends to diminish; that 
the area of sulphide-oil surface tends to increase; in 
other words, if you have particles of quartz in the 
vicinity of oil and water, the water surface grows 
larger and the oil surface grows smaller; that is, the 
quartz finally takes up a position within the water. 
Similarly the sulphide takes up a position within the 
oil. This thing was stated yesterday by Professor Tag- 
gart, and after having marked this diagram I will 
ask if I may again refer to his testimony, using the 
diagram which he put on the board. 


Diagram last marked Beach diagram No. 12. 


MR. SHERIDAN: I offer Beach diagram No. 12 
in evidence. 


Diagram admitted in evidence and marked DE- 
PENDANTS EXHIBIT 135. 


(Defendant’s exhibit 130, diagram 7, handed to wit- 
ness. ) 

A. Professor Tagegart’s diagram represents a ver- 
tical boundary between oil and water. This particle 
is one of sulphide, and this particle is one of gangue. 
Now, by the principles which I enunciated and rested 
upon a secure experimental and rational foundation, 
lead exactly to the results as stated yesterday. The 
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surface energy of that portion to the left of the line 
“CD’’— 

Q. 18. The portion of what, professor? 

A. The portion of sulphide in contact with the oil 
—has a smaller surface energy than the sulphide in 
contact with the water. Now, by the principle of poten- 
tial energy, it tends to a minimum. When a particle 
is wholly immersed in oil, the total surface energy is 
less than when it is partly in oil and partly in water. 
Similarly, in a-particle of gangue, the surface energy 
Of the tension “of the canene to them@eimon CD,” 
namely that portion wet by the oil, has a larger sur- 
face energy than the portion of the gangue to the right 
of “CD,” namely that portion which is wet by the 
water. Now, since the total potential energy of this 
system tends to a minimum, the gangue will move 
towards the right or into the water. Here we have 
shown how the selective wetting by liquids of differ- 
ent solids may result in their differential separation 
in the presence of water, oil or other selecting agents. 

I mentioned there were three facts upon which my ex- 
planation of mineral flotation in the agitation froth 
process 1s based: the tliree facts are timeyselective adhe- 
sion of the different substances, the existenee and varia- 
tion of surface tension. [ have discussed the existence 
of surface tension, and [ wish now to say a word about 
the variation of the surface tension. In the experiment 
shown by Professor Taggart in which a drop of oil was 


placed upon the clean surface of water, a neighboring 
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chip—l mean a chip at a point near to the point upon 
which the drop of ore fell—this chip was seen to jump 
sidewise, indicating that where the oil touched the water 
there was a considerable diminution of surface tension, 
due to the concentration of the oil, or adsorption of the 
oil at the surface. This variation of the surface tension 
certainly plays some role—a fairly important role—in 
the production of stable films. J think I had better dis- 
cuss that in order to make it clear, by the aid of a dia- 
gram. 

Suppose we take a chemically pure substance—say, 
water as pure as we can get it, even though we have a 
film of water upon a wire ring, or even if we have a 
bubble on the surface of the water, it only lasts for an 
instant. If we use water which has been contaminated, 
which contains something different from the water, we 
can produce a bubble or a film which will last for a long 
time. J wish to explain how this is brought about. 

Suppose that these lines represent a thin film of water 
hounded by air on either side. Suppose that the filny is 
held at the top, and that a certain small force or weight 
was applied at the bottom, which | will call “F’’. If this 
force “F”’ is less than 75 dynes per centimeter, then the 
surface tension or the tensile force of this film would at 
least theoretically support the weight. If, however, the 
downward pull was greater than that, the film would 
stretch, thereby becoming thinner and thinner. Now. 
suppose that the thickness exceeds a very minute limit, 
there is no change in the tension of the surface. If we 
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are to have a water film upon a ring, and hold it in a 
vertical position, under the influence of the weight, the 
water would gradually drain down toward the bottom. 
the upper parts of the film would have to support a 
greater, gradually increasing weight, with the result 
that it will gradually thin out a little more and more. 
There is nothing to prevent this thinning; there is no 
counter balancing force greater than the surface tension. 
and the thinning is soon brought down to the point 
where the bubble film will break. It is a very homely il- 
lustration, but it is very much like taking some soft 
eum, like chewing gum, and pulling it down; it stretches 
out, and as the cross section of this thread becomes 
thinner and thinner, finally it breaks. Now, in order to 
get a stability in a condition of this sort, we must have 
' something different. I hold in my hand an elastic band. 
Now, suppose I stretch that elastic band. As J pull it 
down it becomes thinner and thinner. But I also notice 
that the force of restitution, the elastic force of the 
band, becomes greater and greater. This is the so-called 
Hook’s law of elasticity. In proportion as the force act- 
ing upon the elastic body produces a greater stretch, by 
so much does the force of restitution increase. So that. 
in the case of this elastic band, 1f I hang on it a weight, 
it will settle down to a certain place, where the back- 
ward force, the resilience, or the force of restitution of 
the elastic band 1s equal to the weight. Now, how can 
this happen in a film of any sort? Say a film made with 
a soap of solution. Let this portion of the diagram rep- 


Butie & Superior Mining Company. 305-1 
ferOuePredecrick: | Seach. 


resent a film made of soap solution. Suppose now that 
we stretch this film out; what will happen? Well, it is 
first necessary to assert that whereas the surface tension 
of the pure water was about 75 dynes per centimeter—I 
am speaking in round numbers—that the soap solution, 
under exactly the same conditions of temperature and 
surroundings, will have a value of only about 27 dynes 
per centimeter. Soap—the particles of soap when they 
get into solution or mixture in the water affect the sur- 
face tension; they tend to diminish the surface tension; 
that is to say the surface energy of the soapy water is 
something of the order of one-third as much as that of 
pure water. Now, as this potential energy tends to a 
minimum, the more soap that you can get—the more 
particles of soap—I mean microscopic or molecular par- 
ticles of soap that you can get into this surface layer, up 
to a certain limit, the more will the surface tension di- 
minish. Now, that diminishes down to about one-third 
of its initial value for pure water, and there the process 
no longer proceeds further. So we start with a film 
which has less tendency to contract. We have a strong 
contractile force in pure water and a much feebler con- 
tractile force in soapy water. Now, that of itself will 
assist in the durability of the film. The stronger the 
surface tension the more difficult it is to make a bubble. 
For instance, it is easier to make an independent bubble 
of water than of mercury, for the reason that the sur- 
face tension of mercury is somewhere in the vicinity of 
four or five hundred dynes per linear centimeter. In the 
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first place you can make this film and it will not have so 
much contractile force. Secondly, the soap which has 
gone into the solution tends to increase the viscosity ; the 
mobility of the film is less; the particles of the film do 
not move with respect to each other so rapidly; but more 
important than all is this, that we have a means here, 
just as we had in the rubber band of stiffening the thing 
up when it gets too thin. Suppose that I represent 
by these dots little particles of soap which are in that 
region; suppose that there were ten of those dots or 
particles, to fix our ideas. Now, imagine that T have 
stretched this upper portion here out. 

©. 19. Will you niark that portion, professor? 

A. J have marked it with a small “a”. Suppose we 
fix our attention upon this portion, small “a”, for the 
soap film, and suppose under the influence of an external 
force this is being eradually thinned out. T think you 
see now that these particles which are distributed 
through that layer, have now been scattered or spread 
out so that they extend through a longer portion or a 
larger portion of it; that is, the number of particles in 
an area “B”’, equivalent to the original area “A”—that 
surface 1s now much less—say five. What happens? 
When there were ten of those particles there, the sur- 
face then—the surface tension then was 27; when | have 
only five particles there the surface tension returns to a 
condition more nearly that of pure water. The surface 
tension will be larger then in proportion as the number 


of these particles thins out. Then as your soap film 
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gets thinner and thinner, it has more and more elastic 
force, just as this rubber band did, and so we have the 
condition of a stable soap film, which is why a soap film 
will last so long. J have seen soap films that would last, 
stretched on a ring, for one or two hours, and [ have 
never seen a bubble in pure water, if ] formed it last 
more than a fraction of a second. 

QO. 20.. Will you kindly mark that diagram #13? 

PeeiNo. 13. 


Diagram marked DEFENDANT'S EXHIBIT 
136, and admitted in evidence. 


| have now discussed sufficiently the three faets, ex- 
enaiat facts of physics upon which the explanation 
of flotation process rests. If the court please, just for 
the sake of the label, 1 might refer to these as the Beach- 
Taggart explanation, to define it from other explana- 
tions. [J have shown that different solids have seleetive 
adhesion for different liquids; I have discussed the ex- 
periments as to the variation of surface tension and 
shown the conditions for a stable film. The chief factor, 
probably. in the stabilizing of a film is the inerease of 
visgosity. Suppose the increase in the viscosity in a 
i solution is not relatively great. The chief factor 
there is the variation of the surface tension, but in some 
other case, for instance 1n a Saponine solution, the 
change in the surface tension is not so much from other 
water as it is in solid solution, but the inerease in the 


viscosity is very great. The increase in the viscosity of 
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a liquid surface, due to the presence of fine particles was 
shown yesterday by Prof. Taggart experimentally. And, 
if the court pleases, I would like to say one word more 
about the principle of minimum potential energy which 
is an important one in the discussion of physical prob- 
lems. If we are dealing with an elastic band it is very 
convenient to discuss the forces which are involved. We 
can see the points of attachment and we can get at the 
stretched portion to measure this force. But there are 
certain other cases where it is very difficult to form a 
picture’ of this force. For instance, if we have a reser- 
voir of compressed air, we know that the air exerts a 
certain amount of force upon the containing envelope, 
but we do not always care to localize the force. We 
speak of the pressure of the system. If we are dealing 
with electrical phenomena, if for example I were to 
electrify a rubber rod, and bring it near a feather or a 
small piece of paper, we should find that the paper 
seemed to be attracted to the electrified rod, but we can 
not see the medium by which these forces are acting. In 
cases of that sort it is very much better to discuss the 
energy relations. So, as in the case of compressed air, 
we do not speak of the force of the air as much as we do 
of the pressure of the air. So, in dealing with electrical 
conditions we do not speak of the force as much as we 
do of the potential energy of the system. [Tor example, 
in an ordinary trolley system. I do not happen to know 
what may be here, but in my own home at New Haven, 
the trolley wire has a certain amount of potential energy 
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which is greater than the potential energy of the rails 
by an amount which is called 500 volts energy per unit 
charge. And we say that the electricity runs from the 
higher potential to the lower,—body at the lower poten- 
tial. It is the exact analogy of the pressure of the air in 
the tank. The air flows from the point of greater pres- 
sure to the lower pressure. The air goes from the place 
of the higher potential energy to the place of the lower 
potential energy. The electricity flows from the places 
where it has high potential energy to the place where it 
has lower potential energy. Now, to top off my con- 
clusion, that is, the discussion of the flotation problem, 
we are having particles move from the place of greater 
potential energy to sinaller potential energy; so, we 
have to discuss the specialized or localized force, if we 
find that in a certain position a particle has less poten- 
tial energy than it would have in some other place, that 
is the place into which it will move automatically, or by 
itself. For that reason we have contaminants adsorbing 
into the liquid surface: it diminishes the surface energy. 
It is the reason we have sulphide going into oil or oil 
contaminated liquid, because the oil has less potential 
energy when it is so surrounded than if it was in the 
water. The quartz goes into the water because there it 
has less potential energy than it would have if it were 
in the oily layer. I have thus tried to lay a sound physi- 
cal basis, facts which I believe are accepted by all 
students of physics, as the basis for the Beach-Tagegart 
explanation of the flotation phenomena in the agitation 
Gell: 
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OF Zee at does expernuent >, sprinkling Ore Oil 
water, show? 

A. It shows an increase of viscosity of the surface 
layer, including the mineral particle. The portion of 
the surface which contained the chip was not at all dis- 
turbed by the motion of the needle, was not sensibly dis- 
turbed by the motion of the needle when there was no 
powder on the surface. When the powder was scat- 
-tered over, the whole surface moved almost as if it were 
a solid body. 

QO. 22. What do you mean by viscosity? 

A. Well, in popular language, viscosity is internal 
friction. If 1 move a book along the surface of the 
table there 1s a certain resistance to the motion of the 
book with respect to the table. In the case of a fluid. 
when we move one particle of a fluid with respect to its 
neighboring particle there is similarly a resistance to 
this motion which is called internal friction and which 
is a measureable thing and is called viscosity. 

©. 23. Can vou illustrate this idea of viscosity in 
some other way ¢ 

A. Suppose we start with a beaker of water and we 
pour into it some finely divided particles. As we in- 
crease the number of these particles which are, we will 
say, merely mechanically inclosed in the liquid, it takes 
on a consistency which is more like that of a syrup, it 
pours more slowly. If we incerase the number of these 
particles more and more we finally get it to a paste, the 


substance becomes so sticky or so viscous that it may be 
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moulded in the fingers. A good example of this is put- 
ting whiting in oil, which makes putty. Putty is an ex- 
ample of a substance which is very stiff or viscous. It 
flows under the force exerted by the fingers, but it flows 
with difficulty and very slowly. 

Q. 24. What is your idea or explanation of this in- 
crease of viscosity? 

A. Suppose we were to take two surfaces of glass— 
{ can do that best by illustration. Let the line A repre- 
sent the surface of a glass plate. Let B represent the 
surface of another parallel plate, and suppose that the 
region between these is filled with water. Now we are 
going to move these plates parallel to each other. The 
water clings to glass. The particles of the water which 
are right next to the glass are practically adherent to 
it. The same is true on this side. Now, when these 
plates slide, one up and one down, the particles which 
adhere to the glass move with the plates. The other 
particles that are nearby are entrained a certain amount 
but the particles which are in the middle space, provided 
that is not extremely small, will be just about as free to 
move as if they were in a large pond of water. Now, 
suppose we diminish the distance between these sur- 
faces. J will represent the plat& by position A, and po- 
sition B,. Now, you see the particles which attached 
first to A and also to B are in very close juxtaposition. 
As we slide the plate Al up and B* down, the particles 
stick to A, move with the plate, and those sticking to B 
move with that plate, but the particles which are in the 
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very small distance in between there more or less adhere 
or rub against these partially fixed particles on the 
plates so that it is obvious, it seems to me, that the mo- 
tion of the plates with respect to each other are some- 
what retarded by the resistance of these particles that 
rub against each other. There is a true friction between 
the parts of a liquid, such as water. All fluids show a 
certain amount of internal friction or viscosity. Now, 
that is exactly what happens in the case of the paste that 
I spoke of. If we magnify these particles enough, these 
a, b, c, #4, if these represent particles of the powder that 
we put in the liquid and if the little interstices of these 
particles are regarded as filled up with water, then it is 
obvious that the particles as a whole are not very free 
to move; they are hampered by the adhesion of the par- 
ticles of the liquid on the faces which are juxtaposed. 
That, in popular expression, is my idea of why a paste 
becomes so viscous. 

Q. 25. Will you kindly mark that diagram 14 and 
initial it? 

(Witness marks the diagram.) 

MR. SHERIDAN: The diagram so marked is of- 
fered in evidence on behalf of the defendants. 

MR. WILLIAMS: We have no objection. 


Said diagram was admitted in evidence and 
marked DEFENDANT’S EXHIBIT No. 137. 


Q. 26. Professor, you saw the test No. 3 that Prof. 
Taggart made yesterday, with the beaker, the red ink 
and the water and the oil? 
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Ee. Yes. 

Q. 27. What does that show? 

A. I would like to have the diagram that he drew 
for that, if I might. 

Q. 28. It is on the blackboard, Professor, and it has 
not been offered in evidence as yet. 

A. This experiment calls attention to the peculiari- 
ties of the binding surfaces or interface between the oil 
and the water. That interface is obvious. If you look 
down on it at a small angle it looks shiny, has almost a 
metallic lustre; but it possesses certain other properties 
which are important. It shows that there is something 
there which is different from the pure oil and different 
from the pure water. There is, in other words, a tran- 
sition layer here in which, as [ apprehend it, the par- 
ticles of oil are intermingled or mixed in varying de- 
grees with the particles of the water. This transition 


layer we call an adsorption layer. There is more or less 
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fabric of which the bubble film in the flotation process is 
made up. Recalling Prof. Taggart’s description, when 
a bubble of air is released it rises by its buoyant effect, 
it entrains some of the water in the region; it gradually 
lifts to the surface which bows over as this elevated por- 
tion raises still farther. It necks off at the bottom and 
incloses some of the colored water. We have inside 
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ie : : 
there, $ir—we have an adsorption layer of air, water 


passing from the hole into the water. As we pass from 
the water into the oil we have another adsorption layer 
which is almost a skin, if | may use that term, or mem- 
brane, out of which we can make bubbles. These rise to 
the top and this skin may remain intact for a short time 
and show the reddish color when looking down upon it. 
But, after a little time on account of the considerable 
weight that is there dragging it down, that bubble film 
of the oil-water adsorption layer thins out and breaks 
and this portion which is sort of like a watch glass or 
crescent, falls down, will return to the Alves surface. 
Sometimes it will rest on that for a number of minutes 
before it unites with it. And the distinguishing thing 
about it is that it does not draw itself together into a 
spherical drop as the ordinary drop of rain would, fal- 
ling through the air. It has a very viscous film. And 
this film is capable of making bubbles. We can fill it 
full of air, we can fill it full of water, or we can fill it 
full of oil. T do not know at the moment, but I think | 
can easily show that we may have that viscous film 
filledwith somewater in bubbles containing no air above 
the surface and we may have that film filled with oil and 
appearing below the surface. In this connection | would 
like to introduce if T may— 

(Oo 29. (Interrupting.) Let me ask a question: Can 
you show by experiments how the presence of solid par- 
ticles at an oil-water contact results in increasing the 
viscosity of the interfacial film at the oil-water inter- 


face? 
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A. 1 will endeavor to do so. | have here a bottle 
into which J will pour a layer of water. This is ordin- 
ary tap water. In this bottle I will pour a layer of kero- 
sene. There were temporary bubbles filled with water 
formed there in the kerosene. | will introduce into this 
bottle an amount of copper—finely divided copper, 
bronzing powder it is called. [I am now agitating this 
mixture and will allow it to stand for a moment or two 
‘and there will be seen pendant a short filin, a flattened 
film which when looked at by reflected light looks as if 
it were copperplated. When looked at by transmitted. 
light it shows a lacey pattern. This is a bubble film 
which has inclosed within it a certain number of these 
copper particles. 

MR. WILLIAMS: Just mention that you shook it 
again. 

A. J] have again shaken the bottle. [ have here a 
specimen of the same film which is not air formed here 
in the copper, but which illustrates the great viscosity of 
that particular film. Now, in an experiment which | 
have actually carried out here I will call your attention 
to the extreme viscosity of that film which now hangs in 
a vertical position and I would like the court, if the 
court pleases, to examine it by transmitted light and by 
reflected light. 

Ome0— 1 HE COURT: What is the purpose of this? 

A. This is to show how this interfacial] film, which 
is the fabric by which bubbles are made, has its viscosi- 
ty very greatly increased by the metal particles which 
have become imbedded into the film. 
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QO. 31. MR. SHERIDAN: Which become imbedded 
in the film or the interface? 

A. Imbedded in the film. 

Q. 32. THE COURT: This film hanging down is 
oil and metal particles? 

A. Well, it is the adsorption here. It is the same 
dividing layer which is seen in this experiment, only it 
now has been over-weighted so that it hangs down and 
if your honor will look at it by transmitted light, that is, 
towards the window, you will be able to see the spaces 
between the particles, that the film is not completely 
filled; it shows tracery, lace-work. The film is evident- 
ly very viscous, it does not tend to contract as ordinary 
films do. 

MR. WILLIAMS: We would like a specimen of the 
4 bOynzing powder. 

Q. 33. What is that, a powdered copper? 

A. I don’t know how it is prepared; it-is called pul- 
verized copper, which is used by painters for bronzing. 

QO. 34. MR. SHERIDAN: Professor, I would like 
to ask you what you mean by a film? Is the film you 
are speaking about a film composed by oil in which there 
are minute particles imbedded, or water in which there 
are minute particles imbedded, or is it that material, 
that layer that you call the adsorption concentrate layer 
between the oil and water face? 

A. It is the transition layer, what | call the adsorp- 
tion layer or adsorption film consisting of particles of 
water molecules, particles of air molecules, particles of 
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oil, and in this case it has imbedded in it some par- 
ticles of metallic copper. If they were blown up into 
spherical form it would be exactly like the froth which 
appears in the concentration cells. 

Q. 35. And the presence of the particles that formed 
that copper powder does what, in that film? 

A. These particles make the film viscous in the same 
way in Prof. Tagegart’s experiment, the ore which was 
sprinkled over the surface of the beaker made it viscous, 
tended to move more like a solid body than like a liquid 
body. Have I made myself clear? 

Q. 36. Yes. Now, returning to the mineral agitated 
froth. What is the function of the oil in mineral separ- 
ation? 

A. I apprehend that the oil serves two functions. It 
makes this adsorption layer from which bubbles may be 
constructed and by its selective adhesion to the sulphide 
particles or, conversely the selective adhesion of the sul- 
phide particles to this adsorption layer, the particles are 
separated away from the quartz and brought up to the 
surface. 

Q. 37. Now, Professor, before you depart from this 
subject I would like to have you give a complete expla- 
nation of your test, which we call test No. 12, that you 
just performed with the glass bottle and copper powder 
so it will appear on the record. 

A. With a diagram? 

Q. 38. No, not a diagram. I wish to have you give 
a complete explanation of it so it will appear in the rec- 
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ord. Tell about what you did, materials used, bottles 
used, and so forth. 

A. I selected a glass-stoppered bottle about four 
inches high, about two inches in diameter. [ poured 
into it a layer of tap water about an inch and a half in 
thickness, from a wash bottle. [ then poured some com- 
mercial kerosene from another bottle upon the surface 
of the water, forming a layer about 1 inch thick. [ 
then introduced into the bottle by the aid of a spatula a 
small amount of copper powder, known to the painters 
as bronzing powder, using an amount which would cov- 
er about a square centimeter of the surface of the end 
of the spatula. I then agitated this mixture with the 
glass stopper in the mouth of the bottle for a few sec- 
onds and allowed the material to settle down into its ap- 
parent levels, After an interval of a few seconds | 
again agitated it still further and then noticed— 

Q. 39. (Interrupting.) For how long; just state 
how long you agitated it the second time. 

A. Less than ten seconds | think. | do not under- 
stand that the time of agitating has anything special to 
do with it. [ then noticed when the fluids had come to 
rest in the botile, that there was hanging a web-like 
structure from the interface of the oil and the water 
into the layer of water. This is the bubble film matter 
or the water-oil adsorption layer hitherto discussed. In 
this particular case it was seen to contain a great num- 
ber of copper particles. When looked at by reflected 
light the whole surface appeared as if it were copper 
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plated. When it was looked at by transmitted light it 
had the appearance of a cobweb which has been exposed 
in a dusty place for a long time. The hght can be seen 
through this filmy structure and one can, undoubtedly, 
if his eyesight is sufficiently good, pick out the indi- 
vidual particles of the material. The weight of this ma- 

terial stabilizes the film so that it has already remained 
“in existence | should think for about ten minutes, hang- 
ing as a cobweb from the upper surface and resting on’ 
the bottom of the bottle. A slight agitation of the bottle 
shows that this is a very viscous film. . 

MR. SHERIDAN: [Tf you would like to examine 
the witness on this test before it disappears you are at 
liberty to do so as far as I am concerned. 

MR. WILLIAMS: No.7 don’t wish to now. 
Peek: WILLIAMS: 

X-Q, 40. Professor, | would iike one further expla- 
nation. Is that film or curtain-like structure filled with 
kerosene or air? 

A. Well, | will answer to the best of my knowledge 
after looking at it since it was formed. |t is my opinion 
that it consist of intermingled particles of kerosene and 
water, fornung the so-called adsorption layer. It also 
contains imbedded within it some mineral particles— 
particles of the copper powder, and J am not able to dis- 
cover, looking at it with the glass, that it does contain 
any perceptible number of air particles. [| do not ex- 
clude the possibility of there being some minute par- 
ticles there, but there certainly are not enough to float it 
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to any degree, and | have not examined it under a pow- 
erful microscope. 

X-Q. 41. The amount of agitation to which you sub- 
jected it was a comparatively gentle agitation, was it 
not? 

A. There was no intention—it was simply to shake 
the things together. I have not performed this experi- 
ment very many times, and I cannot say that a long 
shaking or a short shaking or a horizontal shaking or a 
vertical shaking have anything to do with it. The idea 
is simply to intermingle the substances. 

X-Q. 42. Now, that oil there does not contain any 
visible air, does it, as the result of the shaking? 

A. I would like to say that the water bottle which [ 
used contained air; the water was not free from air; | 
presume very likely there may be some small adhesions 
of air. ; 

X-O=243. tis a characteristic oisemmemvater thats 
contains air for some time, isn’t it? 

A. It is a characteristic of water under pressure at 
any time that it contains air. 1 am unable to say that | 
can see any particles of air with the power of the micro- 
scope which I have in my hand. 

X-Q. 44. Then that other one that you produced that 
was done some time ago, there is not any air in that oil 
there at all, is there? 

A. Not in so far as I know. 

X-Q. 45. The metal is practically all down at the in- 
terface between the oil and the water, is 1t not. in both 


cases? 


A. No. 
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X-Q. 46. First we will take the one that was intro- 
duced first? 

A. I did not intend to introduce this as an exhibit. 

MR. SHERIDAN: Well, refer to it anyway. 

X-Q. 47. MR. WILLIAMS’ It is instructive to 
examine it anyway. 

A. No, it is all at the interface. 

X-Q. 48. Well, a part of it at least? 

A. Well, there is some at the upper surface, I cannot 
say how much there is there. If you remove the cork 
you will see that there is some there at the surface. 

X-Q. 49. There is some of the metal floating at the 
top of the kerosene layer, and apparently a larger 
amount—or at any rate a considerable amount of metal 
floating at the interface, and practically no metal in be- 
tween the top face of the oil and the interface of the oil 
and water, that is right? | 

A. There seem to be no copper particles in the mass 
of the oil that is away from the surface. There are par- 
ticles of copper—in this specimen the copper is in the 
oil. 

Q. 50. That is the last test which you made; it has 
not all settled out probably? 

A. It has not settled out; but the copper particles 
appear at the interfaces; the interface of the oil and the 
glass, the interface of the water and the oil and the in- 
terface of the oil and the air. | 

QO. 51. J presume you have observed that metal par- 
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ticles tend to settle to the bottom of an oil laver when 
that oil layer floats on water? 

A. Some of them do. 

Q. 52. That is the extent of your observation, is it? 

A. Some of them do and some of them may not. 

©. 53. But in your experiment, the one that was done 
before the court opened, there has been substantially a 
settlement of the metal particles to the bottom of the oil 
layer, except for those particles that are floating on top 
of the oil layer? 

A. J think so. 

Oss4 ME SHERIDAN. ‘henwjust carryine Mir. 
Williams’ question further, the metal tends to go to the 
interfaces between the two different liquids or a liquid 
and a solid? 

A. The statement of the result | would put this way, 
that the metal goes into that medium where its poten- 
tial energy is least. 

Now the conditions are somewhat variable. The po- 
tential energy of some of the particles may be least at 
the air-oil surface, in the case of film flotation. I[n this 
| judge that the copper particles have less potential en- 
ergy at this adsorption layer than they have in the 
liquid kerosene. Some of them, also, have found posi- 
tions of equilibrium, creeping up the side of the glass 
jar. Some of them are entangled up at the top on the 
cork. 

QM. 55. Going back to the agitation froth process, is 


there any difference in the function of the oil when the 
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percentage is less than one per cent or when it is over 
one per cent ° 

A. No; in my opinion no. 

Q. 56. Is there any point at which the function of the 
oil in the mixture undergoes a change, short of the sim- 
ple bulk oil flotation ? 

A. None whatever. 

Q. 57. Will you kindly state, if you know, or state 
what your opinion is, if there be any difference between 
an air froth and an oil froth? 

A. Jam not sure what you mean by an air froth and 
an oil froth, but I will try to answer the question. If 
by an air froth 1s meant one which is formed with a 
small quantity of oil, more than a fraction of one per 
cent—more than one per cent—I say there is no differ- 
ence between those two froths. Have | apprehended 
your question? 

Q. 58. [ think you have answered it all right. As [ 
understand, the only difference there would be between 
froths formed with a fraction under one-half of one per 
cent, and within reasonable limits up to 25 per cent, 
would be the amount of oil in the froth? 

A. <A difference in degree, but absolutely no differ- 
ence in kind. | 

Q. 59. In what respect does an agitation froth made 
with a so-called insoluble oil differ from an oil froth 
nade with say a soluble contaminant, such as creosote? 

A. It is a difference in degree, and not a difference 
in kind. The soluble contaminants may be more ef- 


fective in producing a foam, and the heavier or selecting 


3070 Minerals Separation, Limited, et al., vs. 
Prof. Frederick E. Beach. 


oils may be those oils which have a greater adhesive 
power of picking out the sulphide. 

QO. 60. Did you hear Professor Taggart’s deposition 
yesterday ? 

A. [think I did, most of it; J am not sure that I did 
all of it. 

OeGcl When ne reterred tomtemact, as | remember 
it, that whether it was a soluble contaminant or an in- 
soluble contaminant, that the contaminant tends to con- 
centrate at the interface of the air and gas; do you 
agree or not with that proposition? 

A. The soluble contaminant? 

©. 62. Both soluble and insoluble as I understand 
tends to have the least potential at the interface between 
the air and the liquid? 

A. The soluble contaminant will concentrate at the 
interface provided that it lowers the surface tension, and 
the so-called insoluble oils also do disperse and dissemi- 
nate themselves to a certain degree throughout what we 
would ordinarily call the solvent, and if they lower the 
surface tension they will concentrate at the interface. 

MR. SHERIDAN: Mr. Williams, you may have the 
witness. 


CROSS-EXAMINATION. 
BY Re WILLIAMS. 


X-Q. 63. Professor Beach, you illustrated in dia- 
eram No. 11 the force of surface tension at the oil-sul- 


phide, oil-water and sulphide-water surface? 
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A. May I see the diagram again please? 

X-Q. 64. Can you give me any measurements as to 
these forces; take first the force Tso? 

A. I don’t know of any method by which those inter- 
facial forces can be independently measured; there may 
be some, but they have not been brought to my atten- 
tion. 

X-Q. 65. And therefore you have not, as a physicist, 
succeeded in making any definite expression of those 
forces? 

A. Ihave not attempted to reduce them to numerical 
value. 

X-Q. 66. Is the same true as to diagram 12, where- 
in, in place of sulphides, you use quartz, and represented 
again diagrammatically the three varieties of surface? 

A. I would say that J am not at present aware of 
any measurements of interfacial tension between a solid 
and a liquid. The interfacial tension between two liquids | 
has been measured. 

X-Q. 67. Can you give me representations in dynes 
or otherwise of those forces? 

A. I may refer to the authorities for that? 

X-QO. 68. Suppose you do it after luncheon? 

Peel right. 

WHEREUPON an adjournment was taken until 
2:00 P. M. Thursday, April 26, 1917. 
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X-Q. 69. Now, Professor, can you give me the oil- 
sulphide tension, surface tension under the conditions 
shown in your diagram 11? 

A. I know of no numerical measure of the tension 
between a solid and a fluid. 

X-Q. 70. Now the oil-water surface tension under 
the conditions illustrated in your diagram No. 11? 

A. J] will quote value for oil-water surface tension, 
14. 

X-Q. 71. Would that bé dynes? 

A. Jlassume it is. [t is not expressly stated. 

X-Q. 72. Now, the sulphide-water surface tension 
under the conditions in your diagram 11. 

A. As 1 said a moment ago | know of no measure of 
the interfacial tension between a solid and a fluid. 

X-Q. 73. Then we come to diagram 12 and the first 
item was otl-quartz. That comes under your general 
statement that there is no measurement ? 

A. | am not acquainted with any measurement of 
that. | 

X-Q. 74. Now the oil-water, under the conditions of 
vour diagram 12, oil on quartz? 

\. The tension of the water-oil interface is not af- 
fected by the presence of this insoluble solid. | 

X-Q. 75. So we take 14 dynes, that ts what you gave 
before? 

A. That owas the value that quoted from this book: 


N-O. 76. Aid themutartz ter ccines minder yon —— 
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A. That is a solid interface and I do not know. 

X-Q. 77. Now this oil-water surface tension, 1s 
it variable with different oils? 

A. Undoubtedly. 

X-Q. 78. And can you give me anv other date 
than you have given? 

A. For oil-water? 

X-Q. 79. For oil-water. 

A. | will quote from Freundlich Kapillarchemic. , 

K-O. 80. MR. GARRISON: What does that title 
mean when translated? 

A. Capillary chemistry. It is capillary chemistry 
or the chemical phenomena connected with capillarity. 
It is a branch of physical chemistry. Page 128, table 
30, title page bearing date of 1909. 

X-QO. 81. MR. WILLIAMS: Published by who? 

A. Akademische Verlagsgesellschaft, m. b. H. Page 
128, Table 30, various sales mentioned here, ben- 
zol—I_ would like to say that these involve chemical 
natures of compounds and not being a chemist I am 
not absolutely sure as to the description. 

MR. SHERIDAN: Do you want to have Dr. Sadt- 
ler or Prof. Bancroft interpret it for you? 

Pie VWILLIAMS: I will not object. 

A. Water and petroleum hydro-carbon:; water and 
benzol; water and turpentine; water and _ isobutol 
alcohol; water and iso alynl alcohol; water and ethyl 
ether; water and chloroform, methyl alcohol and car- 
bon bisulphide. 
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THE WITNESS (Continuing): Or water petrol- 
eum hydro-carbon 48. That is undoubtedly dyne per 
c. ¢. Water-benzol 32.6; water-turpentine oil 12.4; 
water isobutol alcohol, 1.76; water-isol alynl alcohol 
4.42; water-ethyl ether 9.69; water-chloroform 27.7. 
That is all of that list. 

X-Q. 82. Now, can you give me the surface ten- 
sion of an air-water surface? 

X-Q. 83. Now, can you give me the surface ten- 
sion of the air water surface? 

A. Do you desire me to read from this book? 

X-Q. 84. Are you reading from the same book 
you did before? I¢ so, mention it. 

A. Jam reading from the book, but I must read it 
in German. [ won't be responsible for the transla- 
tion. 

X-Q. 85. Well, let Dr. Bancroft read and trans- 
lates it? 

A. Well, I can read it and translate it, but I don’t 
want to be responsible for the translation; I might 
make a mistake. “The values measured by different 
methods, pure water at 18°, by different methods” 
—then there are twelve or twenty different observers. 
Will it be sufficient if I give the range of values from 
the highest to the lowest? 

X-Q. 86. Yes. 

A. The lowest there which I find in the table is 
71.9—well, there is one 71.7, measured by method 
called air bubbles. The observer is Sieg and_ this 
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measurement was made, or rather published in 1887. 
The highest value which I see in the table is 76.8; 
there are two values; one by Timberg, which was 
published in the Journal de Physique in 1887. The 
value was measured or determined by the adhesions 
to a ring made of platinum. 

X-Q. 87. And these are all at 18° C.? 

A. I so understand it to be stated here. 

X-Q. 88. Now, the oil-air surface tension; can 
you give me any figures on that? 

A. To tell the truth I don’t know how many of 
these oils—but I will read some. 

X-Q. 89. I suggest that you lend us the book and 
we will look it over and put in evidence what are 
necessary so as to save the trouble of putting in 
the whole list? 

A. The book does not belong to me, and I do not 
feel that I have authority to let it go out of my 
hands. 

THE COURT: Do you want this to go in as your 
own evidence or as a part of your cross examination. 

MR. WILLIAMS: Asa part of the cross examina- 
tion of this witness. 

THE COURT: Suppose you let Dr. Bancroft read 
it. J suppose you want to use it as part of the cross 
examination. 

MR. BANCROFT: I will be happy to read it 
for him or to copy out the table for him. 

MR. WILLIAMS: Then kindly read the table, 
and we will get it in the record. 
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sion of organic compounds. First, Hexane; tempera- 
ture 20°; surface tension 17.4. Kerosene: temperature 
50° ; surface tension 30. Benzol, temperature 20°; sur- 
face tension 28.8, Toluol, temperature 20°; surface 
tension 28.2. Methylalcohol, temperature 20°; surface 
tension 23. Ethylalcohol, temperature 20°: surface 
tension 22. Normal propyl-alcohol, temperature 20°: 
surface tension 28.6.  [sobutyl-alcohol, temperature 
20°; surface tension 22.5. Isoamyl-alcohol, tempera- 
ture 20°; surface tension 23.5. Ethyl-ether, tempera- 
ftire 20°; surface tension 16.5.) Glycol, temperatine 
20°; surface tension 46.1. Glycerine, temperature 
about 18°; surface tension 65. Acetone, temperature 
20°; sttrtace tension 23. Formic yacids temperature 
20>; surface tension 37.1. Acetiegaeide temperatiine 
20°: suriace tension 23.5. Propiomiciacid) temperature 
20°; surface tension 26.2. Normal butyric acid, tem- 
perature 20°; surface tension 26.3. Analine, tempera- 
ture 20°; surface tension 43.8. Pyridine, temperature 
20°; surface tension 38. Nitrobenzine, temperature 
20°; surface tension 41.8. Chloroform, temperature 
20°; surface tension 26. Carbon tetrachloride, tem- 
perature 20°; surface tension 25.7. Carbon bisulphite, 
tempeh fire 20°. suriace teiciemeco 2. 

X-QO. 90. MR. WILLIAMS: Those degrees are all 
Centigrade- 

A. All Centigrade degrees. 
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X-Q. 91. You collaborated, did you not, on the papers 
entitled “An Explanation of the Flotation Process by 
Arthur F. Taggart and Frederick E. Beach,” portions 
of which I read to Professor Taggart during his testi- 
mony ? 

A. No, sir, not in that paper. 

X-Q. 92. Was it written entirely by Professor Tag- 
gart? 

A. We did not write that paper. 

MR. SHERIDAN: I don’t think Mr. Williams 
should ask that question, so I object to the form of the 
question. How should Professor Beach know anything 
about it, if Professor Taggart wrote it entirely. 

@HE COURT: The form of the question is all 
right, but it calls for hearsay. 

MR. WILLIAMS: He might have seen him 
write it. 

THE WITNESS: If the court please, I would like 
to state that we did not publish in that journal, and J 
never to my knowledge read that matter which he pre- 
sented to the court. It is not our paper at all. 

A. If the court please, I would like to state that we 
did not publish in that journal—I never to my knowl-’ 
edge read that matter that he presented to the court. It 
is not our paper at all. 

X-Q. 93. That is to say, this publication which ap- 
pears in the Metallurgical and Chemical Engineering. 
Have you read it? 
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A. The Journal that you have quoted did us the 
honor. to reprint the paper. It was not by any authori- 
zation of my own. I hadn’t the opportunity to correct 
the proof; I don’t remember that J ever read the text 
that you quoted in the court yesterday. 

X-Q. 94. I show you a document entitled “Trans- 
actions of the American Institute of Mining Engineers”’ 
and a paper having the same heading. Will you accept 
that as authentic? 

A. That is our paper, yes, sir. 

MR. WILLIAMS: I will have that identified paper 
marked for identification. 

(The paper entitled “Transactions of the American 
institute of Mining Engineers” marked Plaintiff's ex- 
hibit 138 for identification. ) 

X-Q. 95. MR. WILLIAMS: I read from the au- 
thentic publication: ‘The importance of flotation lies 
in the fact that it is primarily a ‘slimes process’ by 
means of which the particles of valuable mineral, too 
fine for efficient gravity concentration, are saved with 
a high percentage of recovery. Recoveries in the mills 
treating low grade copper-sulphide ores have been ad- 
yanced twenty per cent by the installation of the process 
and similar increased savings can be accomplished by 
the same means in mills treating sulphide ores of zinc 
and lead.” You accept that statement as authentic from 
yourself and Professor Taggart? 

A. Ihave not qualified to testify in regard to mill 


aperations. 
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X-Q. 96. That is to say you are a physicist and not 
a metallurgist and you want to draw the line; is that 
the idea? 

A. I donot feel that I can offer testimony upon that 
- technical subject which would have any weight. I am 
not qualified as a mill expert or a metallurgist. 
_X-Q. 97. Were you present when I read these ex- 
tracts to Professor Taggart? 

A. I was. 

X-Q. 98. Can we save the time by my asking you 
whether you accept those parts that I read to him? 

A. I did not have the copy of the paper present and 
| do not know that it was an authentic copy. . 

X-Q. 99. I read from the authentic copy as follows: 


“The conclusion 

THE WITNESS: Excuse me; would you indicate 
the page upon which that appears? 

mee WILLIAMS: Page 13706. 

THE WITNESS: And what portion? 

MR. WILLIAMS: Commencing about the middle, 
under the pictures. “The conclusions forced by ob- 
serving the above phenomena are: 

“(1) That water has a smaller tendency to displace 
air on the surface of sulphide minerals than on the sur- 
face of gangue minerals. | 

“(2) That the tendency of oil to displace air is 
greater at the surface of sulphide minerals than at the 
surface of gangue minerals. 

“(3) That oil tends to displace water on the surface 
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of sulphide and that water tends to displace oil at the 
surface of gangue mineral. 

“(4) That water displaces air more readily on an 
oiled solid surface than on a clean surface of the same 
solid. 

“(5) That these tendencies toward displacement are 
due to the interfacial tensions or pressure existing be- 
tween the various substances, and that the resulting 
action of this interfacial force is a manifestation of the 
tendency toward reduction of the total potential energy 
of the system. Whenever an increase in the solid-fluid 
interface will decrease the potential energy, such a 


2 


change will occur.” Do you accept that as accurate and 
as representing your views today? 

A. “No, sir. 

X-Q. 100. Is it accurate—is it an accurate statement 
of what was published in this authentic paper of yours? 

A. Well, I desire to say—I do not understand that 
I have testified to the contents of this paper. This 
paper is not a part of my testimony in this court. It 
was not made under oath. It was done in collaboration 
with my colleague and was done honestly at the time 
and represented our views honestly at the time, but I 
desire to say that I am not prepared to introduce it as 
my testimony and my language in this court. 

THE COURT: Well, the object is, you are here as 
an expert in reference to special matters in this case 
and they have a right to ask you about other statements 
that you have made, not that you have sworn to them, 
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necessarily, and to see if your views have changed, also. 

THE WITNESS: I would desire to state, the phy- 
sical facts involved there are not stated in the language 
which I should use. When two men work together in 
collaboration they do not always look at the facts from 
exactly the same angle and they frequently have a dif- 
ference of opinion as to how particular phenomena 
should be interpreted and they usually—often there are 
some compromises between the different points of view. 
This statement here represents, I think, an average of 
the views of the two authors of this paper. I should be 
very glad to state my own views in regard to the 
phenomena which are involved there, but I would, if 
the court please, rather not say that these are my words 
because I do not know that they were used by me. 

THE COURT: If they are not, of course you will 
just state what the facts are, as you remember them. 
{t is not an attempt to try to bind you, Mr. Beach, to 
any particular view, but that we may have a full under- 
standing of how this was written, and you have stated 
how it was prepared. You have stated how it was writ- 
ten, and you have a right to explain or modify what 
you now consider to be the truth of the matter. 

a. 101. MR. WILLIAMS: I wall say that | 
haven't the slightest desire to trap you into any state- 
ment you will not accept, and my purpose in asking you 
is to know whether you would accept it. Now, if you 
wili explain your views—if you wish to explain your 
views otherwise as to these phenomena you will kindly 
do so. 
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A. The paragraph numbered one, I should say, ex 
pressing my views in regard to the phenomena” which | 
suppose is the ‘real point or crux of the question, that 
water will displace air more readily from the surface of 
the gangue minerals than from surfaces of sulphide 
minerals. 

X-Q. 102. MR. WILLIAMS: Which is the anti- 
thesis of this statement, is it not? 

r, Jt1s not no: 

X-Q. 103. All right, I will withdraw that then. All 
right, go ahead. 

A. I think that my statement amounts to the same 
as is made here, but I would prefer to change the 
language if I were to offer my testimony in regard to 
this fact. In regard to the next number? 

X-Q. 104. Go right ahead. 

A. Oil will displace air more readily at the surface 
of sulphide minerals than at the surface of gangue min- 
erals. 

No. 3, oil displaces water more readily on the surface 
of sulphide than on the surface of gangue minerals. 
Water displaces oil more readily at the surface of 
gangue minerals than at the surface of sulphide min- 
erals. 

(4) Water spreads more readily on an oiled solid 
surface than upon a surface uncontaminated with oil. 

(5) These displacements can be expressed in terms 
of the interfacial tensions or energies and the resulting 
action of these interfacial forces will diminish the po- 
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tential energy of the system. If a change in the area 
of the solid-fluid interface will decrease the potentia} 
energy, such change will automatically occur when the 
system is freed from constraint. I think, Mr. Williams, 
that states in my own language the substance of these 
paragraphs and I desire ‘to say that I do not believe 
that the sense or meaning of them has in any point been 
essentially changed. . 

X-Q. 105. Following what I read and what is ex- 
péssed in your own language, the paper says: “These 
conclusions suggested the following confirmatory ex- 
periment,” and then there is a description and an illus- 
tration of an experiment wherein an aluminum ring 
was cleaned and floated on the surface of pure water, 
and then the ring was oiled slightly, and it was found 
that the water came over the surface and that it was 
impossible to float the ring. You accept that experi 
ment as an accurate experiment, do you not? 

A. Ido. I would like to enlarge upon that state- 
ment a little. 

X-Q.106. Go ahead. 

A. I hold in my hand the aluminum ring in question. 
This ring was floated on clean water. (Drawing dia- 
gram.) I have not all the figures in my note book; } 
think the statement of the dimensions of the ring and 
the density as given in the paper are correct. This ring 
was cleaned by washing it with a cake of sapolio, or 
bon ami; it was washed with soap, thoroughly rinsed, 
and taken up in clean filter paper so that it did not: 
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come in contact with the fingers. A small wire carrier 
with three projecting prongs was used to hold it and 
drop it down upon the surface of the water. The ring 
then floated under the influence of the forces of surface 
tension, which were applied at lines of contact, running 
around this outer portion of the ring, and the inner 
portion of the ring. 

QO. 107. MR. SHERIDAN: Do I understand that 
those are two rings, or is it a cross section? 

A. This is a cross section of this particular ring, the 
dimensions being given in the paper. 

X-Q. 108. The ring lies horizontal upon the surface 
of the water? 

A. The ring lies Horizontal upon the surface of the 

‘ water. I then attached to this ring some fine copper 
wires, three of them, I think, making a little basket or 
pan in which [ could put shot, endeavoring to find out 
how much load in addition to its own weight this ring 
would support under the influence of these forces of 
surface tension “T”’. 

X-QO. 109. MR. WILLIAMS: You might mark 
“basket” at the bottom. 

A. I have marked it “basket and shot’. I did not 
expect that this would be called for at this time, there- 
fore [ have not provided myself with the data. T will 
quote from memory, which is to the best of my knowl- 

* edge and belief. The total added weight which it was 

- "possible to put on there was something like 1.7 gms.; I 

“any sure it was over 1 gm., but 1 am not quite sure 
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whether it was one and six-tenths or one and seven- 
tenths—a variation of one-tenth. The ring was then 
removed from the water, thoroughly dried, and taken 
in the fingers; a bottle containing oleic acid was shaken 
up and the cork was removed, and I rubbed my fingers 
on the cork so that they were slightly oiled. I then 
passed the ring through my fingers and rubbed on a 
little of oleic acid, not enough so I could see it, but so 
the surface, I believe was coated with a thin film of 
oleic acid. I then replaced, or attempted to replace this 
ting as carefully as possible upon the surface of the 
water, but I found, with whatever care J exercised, it 
was impossible to float the ring alone. I then tried it 
with two different oils; the bottles which I used were 
labeled “‘crude oil” and “creosote”. They had been 
furnished by Profesor Taggart from a number of spec- 
imens, and I know nothing about the history of the oil. 
[ presume he could state it 1f there was any question. I 
then found that with the crude oil the ring acted as 
though it was going to float, but did not; it just wav- 
ered at the surface and then sank. There was evident- 
ly a difference between the oleic acid and the crude oil 
in the matter of flotation. \Vith the oleic acid it went 
down much more promptly. I then tried another oil 
which was called creosote.on the label on the bottle. J 
found when I had oiled this way I indicated, simply by 
rubbing it with slightly moistened fingers, that the ring 
floated—I am still quoting from memory—for a space 
of seven minutes while it was under observation. I left 
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it in my room when I went to lunch, and when I re- 
turned I found it was at the bottom of the jar. Wheth- 
er the janitor had been in the room and it had been dis- 
turbed, I do not know. I do know this, that it at least 
floated for seven minutes. There was a difference in 
those effects. Now, this I regard as a confirmation of 
the statements that I have made, in this way: I took 
this piece of aluminum, which I cleaned off very care- 
fully, rubbing the surface with an abrasive soap, and 
then some plain soap, like ivory soap, and washed the 
ring carefuily in water and dried it with filter paper 
and was careful not to touch it at all, and then from a 
medicine dropper I put upon that surface a drop of 
water, and I determined what I called this morning the 
angle of repose. 

(Drawing another diagram. ) 

I found that the angle, as I stated this morning, was 
approximately 85°; it varied a little—a degree or a de- 
gree and a half either side of that. I then took this 
surface of aluminum and touched it with the moistened 
cork of the bottle, and rubbed my finger over it, and 
put a drop of water on there as before. When I used 
oleic acid I found the drop had that shape, and that its 
angle of repose was about 3914°. I tried the other oils. 
The crude oil—this little wavy line represents contam- 
inated surface. With the crude oil I found 65° and 
with the creosote I found 69°. These measurements 
were made after the experiment had been completed. 

Now, I would like to refer to my first diagram. 
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MR. SHERIDAN: You better mark that diagram 
No. 15, so you can identify it. 

THE WITNESS: Referring to my diagram No. 
15, the angle between the tangent to the liquid surface 
and the tangent to the cylindrical surface of the clean 
water and clean aluminum was a relatively large angle: 
that angle in the other cases had been diminished; in 
the case of the oleic acid the angle was between 39° 
and 40°. The forces of surface tension in the liquid 
surface being very nearly horizontal, it had a small ver- 
tical component. As this angi: was smiail, there was 
very little spreading effect. 

X-Q. 110. Mark the angle that you say was small? 

A. It is this angle here. 

A. The angle was smallest in the case of the use of 
oleic acid. In that case I was not able to support it at 
all. When the angle had been increased, in the case of 
crude oil, to 65°, it seemed to be just ov the point of 
being supported, the force had been more nearly the 
original position of the pure water. When the angle 
increased a little larger to about 69° as I measured it, 
I found that it was possible to support the weight of 
the ring alone for at least seven minutes—I don’t know 
how much longer—and when the angle had been in- 
creased as shown here to 85° the vertical component of 
the force being very much larger, it was possible to 
support not only the ring but an added weight of some- 
thing over one gram. 


3088 Minerals Separation, Limited, et al., vs. 
Prof. Frederick I. Beach. 


X-Q. i111. Now, will you kindly mark the other dia- 
gram, Diagram 15, and I will offer it in evidence. 


The diagram was admitted in evidence and 
marked PLAINTIER Sse xXeIBIT 139. 


MR. WILLIAMS: 1 will now offer diagram 16. 


Said diagram adinitted in evidence and marked 
PLAIN PE Bio 2 eerie iso: 


MR. SHERIDAN: Professor Taggart made two 
diagrams on the blackboard that are marked Tagegart’s 
diagrams No. 1 and No. 2, which we will offer in evi- 
dence as defendant’s exhibits 141 and 142. 


Said diagrams were admitted in evidence with- 
out objection and marked DEFENDANT'S EX- 
Bubs t4tand 142) 


X-Q. 112. MR. WILLIAMS: Relative to the state- 
ment on page 1385 of the authentic paper in regard to 
the pneumatic froth process, “sulphide and gangue min- 
erals mixed with water and oil, with or without acid, 
are run into a tank with a porous bottom through which 
air is forced. The air bubbles rise to the surface with 
a coating of solid particles preponderately sulphide. 
while the gangue particles sink. 

‘The principles involved in this method are the same 
as explained in the agitation froth process. The only 
difference is in the method of introducing air. The re- 
sult of this difference is that the bubbles in the pulp 
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are much larger than in the agitation froth method: 
they arrive at the surface less heavily laden in propor- 
tion to their area; the bubble films are, therefore, less 
viscous and the froth less permanent.” 

First I will ask you if I have correctly read from this 
paper. 

A. I believe so. 

X-Q. 113. Now, as to these statements, do you ac- 
cept them as proper statements today? 

A. These represent the result of my own observa- 
tion. 

X-Q. 114. On page 1384 I read, “Case 2, Sulphide. 
Gangue, Water, Oil and Acid ————_ The addition of 
acid as the two-fold effect toh further lowering the sur- 
face tension and increasing the adhesion ratio.” Have 
{ read correctly from the paper in question? 

A. You have not read the adhesion ratio. 

oil-solid. 

X-Q. 115. The adhesion ratio iswater-solid. I thought 
perhaps it would be just as clear to the several courts 
who will have to consider this matter with the state- 
inent of this ratio omitted. Is that correct now? | 

A. Itisacorrect reading of the passage. 

X-Q. 116. Now, what have you to say as to that 
statement ? . 

A. These are the views which we held at the time 
the paper was written, from observations which we had 
made. Today I am still of the opinion that the effect 
of acid is to bring the water into more intimate contact 
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with the gangue mineral, that is, the adhesion of acidu- 
lated water to gangue as indicated by the angle of re- 
pose, is apparently a little greater than for pure water 
in the gangue. I understand you are asking me about 
the effect of sulphuric acid? 

X-Q. 117. Yes. 

A. I am trying to answer that question. Today I 
am of the opinion that the presence of sulphuric acid 
assists in flocculation or precipitation of the gangue, al- 
though I do not offer this as an expert opinion, as I am 
not a chemist and this belongs rather to the realm of 
physical chemistry than to physics. In regard to the 
other statement as to the effect of acid upon the sur- 
face tension of the water, I have found various state- 
ments of various authorities, some saying that it lowers 
it and some saying that it raises it. The best informa- 
tion that [ am able to obtain at the present moment in- 
dicates that the presence of sulphuric acid slightly 
raises the surface tension of water, but only very slight- 
ly up to a 10% solution of the acid in water. Have I 
answered the question: 

THE WITNESS: Mr. Williams, may I supplement 
that statement with one reference? 

X-Q. 119. Certainly. C 

A. I would like to call your attention to Figure 140, 
page 74, of Freundlich Kapillar Chemie in which the 
course of the curve, indicating the effect of sulphuric 
acid on water, is given. The ordinates being the numer- 
ical value of the surface tension and the abscissae, per- 
centage of water and acid. 
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X-Q. 120. And what, in general, does this table 
show? 

A. That with pure water the tension is a little over 
75 dynes and as the quantity of sulphuric acid is raised 
say, to about 8% which is the first point on the curve, 
the rise is practically horizontal, indicates no very sen- 
sible apparent change. After that, up to about 50% 
solution, the surface tension is raised to a value a trifle 
over /9, and after that the higher the concentration of 
acid, the surface tension seems to fall. 

X-Q. 121. So that the more ‘concentrated acid has 
the lowest surface tension; is that right? 

A. That is as I understand the diagram which he 
has given here. J have not studied this diagram, it has 
only recently been called to my attention, but I men- 
tioned that to indicate that the rise with small quanti- 
ties of acid is almost negligible. 

MR. WILLIAMS: I think I would hke to offer in 
evidence a copy of this diagram and I will have the 
copy made. (Page 74, Figure 14c.) 


The diagram was admitted in evidence without 
objection and marked PLAINTIFF’S EXHIBIT 
143. 


‘THE WITNESS: May I supplement my statement 
with a still further remark? That variation of surface 
tension indicated in this diagram with a concentrate of 
sulphuric acid is far smaller than the variation between 
the different measured values which we have already 
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quoted for water carrying from 71.7, lowest value, to 
76.8, the highest value. The variation there is over 
6% between the different determinations of surface 
tension of water. 

X-Q. 122. Is there a selective action of the air in 
water as between metal and gangue? 

A. J] don’t think I understand your question. I don’t 
understand how air can be in water. 

X-Q. 123. Well, you may have a bubble of air in 
water. That is, I take it, the easiest way to put air in 
water. 

A. Well, please restate the question, introducing the 
bubble. | 

X-Q. 124. Is there a selective action of bubbles of 
air in water as between metallic sulphide and gangue? 

MR. SHERIDAN: I would like to have the counsel 
state whether he means pure, uncontaminated water, 
because water varies in various sections of the country. 

THE COURT: This gentlemanticran expert om tic 
question. In his answer he may qualify it or illustrate 
it or draw the distinction. 

A. The condition which you have stated is a rather 
complex one and I do not feel that [ can answer it un- 
less [ were to represent to my eye the conditions that 
you have in mind as to how the bubble is placed with 
respect to the material. I don’t fully grasp the point of 
the question. I may say this, that as far as I,do un- 
derstand the question, that air is differently aksorbed 
at different surfaces. If you have a piece of sulphide 
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in air, there will be a different adsorption of air pos- 
sibly on the sulphide from what there will be on the 
quartz. Now, if that is introduced into water the 
water may displace one of these adsorbed layers more 
readily from one surface than from the other. But 
what condition of thing you contemplate as to the posi- 
tion of the bubble of air with respect to the sulphide | 
do not quite understand. | 

X-Q. 125. Assume a particle of sulphide immersed 
in water resting upon the bottom. Assume a bubble of 
air presented to the bare surface of this sulphide par- 
ticle by being pushed down to it. What will happen 
when you, after making a good contact between the 
bubble and the metal, permit the bubble to rise? 

A. May I answer that by a diagram? 

X-Q, 126. Certainly. 

A. (The witness draws a diagram.) Have I cor- 
rectly apprehended the circumstances you have in 
mind? 

X-Q. 127. Yes, your sketch represents the condition, 
and here is a bubble attached to a bubble holder. The 
bubble of air is brought down and touched to the clean 
sulphide. 

A. Under these circumstances I am of the opinion 
that this angle of repose, as I have called it, would be 
essentially the same as the angle that would be made 
by a drop against the sulphide surface. That is, the 
angle between the air-water surface and the sulphide- 
water surface. This is the angle here between the air- 
water surface and the sulphide water surface. 
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X-Q. 128. Now, what would happen if the bubble 
nolder were lifted upwards? 

A. The force of surface tension has a certain com- 
ponent. If the particle of sulphide were greater than 
the total value of the upward pull of surface tension it 
would not be lifted from the bottom but the bubble 
would stretch out and would finally neck off, and we 
should have a complete spherical bubble attached to the 
bubble holder and probably a little watch-glass bubble 
attached to the surface, in case the sulphide was too 
heavy. If the sulphide particle was not, then I should 
expect that the bubble would lift to the surface through 
the water. 

X-Q. 129. And if the weight of the sulphide par- 
ticle as immersed in water was less than the buoyancy 
of the air bubble, the air bubble would lift the metallic 
particle; is that correct? 

A. I think it might. ! wish to correct my former 
statement about what would happen to this bubbie. 
There is another possibility: If the sulphide were too 
heavy and the bubble holder were lifted this bubble 
would stretch out in a cylindrical form. The diameter 
here would become less and it is just possible that the 
water would creep in from each side until it was de- 
tached. That is another possibility. [ have not tried 
the experiment and I can not swear from observation. 

X-Q. 130. Now, the purpose of my inquiry was to 
bring about some explanation as to the selective ac- 
tion of air bubbles. Now, what would happen if there 
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was a substitution of gangue for clean sulphide, clean 
gangue; other conditions remaining the same? 

A. A drop of water put upon clean gangue makes 
a very small flat shape; it spreads out; the angle of 
contact is very small, and I apprehend that this angle 
there would be the same as the angle of the tangent 
there, and there would be a slighter attachment of the 
air to the gangue than with the sulphide. 

X-Q. 131. In consequence of that you would ex- 
pect that the bubble, by its buoyancy would exercise 
very little lifting power upon the gangue particle? 

A. I would, provided, of course, always, that these 
surfaces are not contaminated with oil. This is a clean 
sulphide, no oil present, and clean gangue, no oil pres- 
ent. Would you like me to tell what happens when 
@eere is oil there? 

X-Q. 132. Yes, suppose you tell us what would hap- 
pen with oil. 

A. I will have to draw another diagram— 

(Last diagram marked “Beach diagram No. 17). 

MR. SHERIDAN: I offer diagram No. 17 in 
evidence. 


Diagram admitted in evidence without objec- 
tion and marked DEFENDANT’S EXHIBIT 
No. 144. 


mite WITNESS: Let this represent the surtace of 
sulphide, oiled. Suppose that I moisten my finger 
slightly with oil and rub it over the surface, and I 
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put upon that surface a drop of water. The drop of 
water, instead of standing up in a large heap, will 
flatten out so as to make a much smaller angle than 
that shown in the preceding figure. With the bubble 
holder the attachment of the air to the sulphide surface 
will now make a small angle. I have a note book full 
of measurements, made upon that. It is far less than 
upon clean sulphide. The clean sulphide is somewhere 
from 80° or 90° minimum, and when I use oil it sinks 
down to 25° or 30°, and we have here a condition such 
as if—such that if you begin to lift on that, this part 
here will run over those oil surfaces; its interfacial sur- 
face having been diminished, and the partiele will not 
be raised. I would like to state that I tried out that 
theory thoroughly, and found that it was insufficient. 
The moment that I saw a flotation machine in opera- 
tion I rejected the idea that the particles of sulphide 
were lifted by the minute bubbles attached to the par- 
HiCles. 

X-Q. 133. I will ask you to sketch on that sheet 
this: suppose that you have sulphide mineral, clean, and 
water containing soluble frothing agent dissolved in it, 
what will be the condition? 

A. (Drawing) I am representing there a drop of this 
water with the contaminant, the same as with the pure 
water. 

X-Q. 134. Are you assuming any particular con- 
tamimant? 

A. I understood you to say a soluble contaminant. 

X-Q. 135. A soluble frothing agent. Take acetic 
acid, for instance? 
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A. Do you object to the use of the word “con- 
taminant” ? 

X-Q. 136. Well, it must be a frothing agent? 

A. I don’t know what you mean by a frothing 
agent. 

X-Q. 137. Phenol, creosote, acetic acid, amyl ace- 
tate, whiskey, valerianic acid—there is a long list of 
them? 

A. I think we could find experimentally what would 
happen by using a drop of this water with a frothing 
agent, putting it on the clean sulphide surface and ob- 
serving that angle. The substances which you have 
named I have not personally tried. I believe that most 
of those, as [ remember your naming them over, have 
the effect of reducing the surface tension. 

X-Q. 138. That is right. 

A. It is my opinion that the effect of these con- 
taminants or soluble frothing agents is to reduce that 
interfacial tension, and to allow the drop to spread out 
flat. It can be tried. [ have not personally tried it in 
the case of these substances. I have tried it with sul- 
phuric acid, and in our experiments with sulphuric acid 
{ found the increase here—I am quoting from memory, 
but to the best of my recollection and belief—I cannot 
say that there were any exceptions—lI will say this, in 
the majority of cases I found that the angle of repose 
was less than in the case of pure water, and therefore 
when we come to the question of the bubble attachment 
to the bubble holder—I am now giving my opinion— 
my opinion is that this angle would be smaller than in 
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the case of pure water against a sulphide, and that the 
lifting power of this bubble would be diminished. 


(Whereupon a short recess was taken.) 


Beach diagram No. 18 admitted in evidence and 
marked DEFENDANT’S EXHIBIT 145. 


X-Q. 139. Now, I would like your explanation, pro- 
fessor, of one other set of conditions. Instead of wa- 
ter, oiled sulphide mineral at the bottom, take the air 
bubble presented to the sulphide mineral in oil? 

A. What are the conditions? 

X-Q. 140. Oil; a body of oil, and a bubble lowered 
in the bubble holder and presented to the sulphide 
surface as before? 

A. Ishould say that I have not seen or studied this 
condition, but as a method of investigation it is per- 
fectly general. I should proceed by placing a drop of 
oil upon the sulphide surface. 

X-Q. 141. Which you have done, of course? 

A. Ihave done that, and I know that the angle is 
small. I have measured a lot of angles, but I have not 
them with my notes here. The angle of contact be- 
tween the water-oil surface, and the sulphide surface 
will be essentially the same here as it was there, and I 
should expect a very slight attachment of the bubble 
to the sulphide. 

X-Q. 142. You said water; you meant air? 

A. Air. Of the air bubbles to the sulphide surface. 
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X-Q. 143. And the consequences of that small angle 
would be what as to the lifting power of the bubble? 

A. The air-sulphide interface has a larger amount 
of surface energy than the oil-sulphide interface. The 
tendency is for this oil-sulphide area to increase, and 
the air-sulphide to decrease. Therefore, I should ex- 
pect, under the disturbanceg of the original condition, 
trying to lift it, that the oil would come in from the 
side, and the bubble would detach itself without caus’ 
ing any sensible lifting power to the sulphide. AlN) 
these answers have reference to particles of sulphide 
or quartz that are large compared to the thickness of 
the aksorbed layer or interface; I was not discussing’ 
finely ground ore in any of these cases. | 


(Diagram last referred to marked Beach dia- 
gram No. 19). 


Diagram admitted in evidence without objec- 
tion and marked DEFENDANT’S EXHIBIT 
No. 146. 


X-Q. 144. Now, let us assume all the conditions as 
in diagram No. 19, except that we have finely pow- 
dered sulphide on the bottom of your glass or other 
vessel filled with oil, and an air bubble carried down 
by the bubble holder and brought into contact with 
these very fine particles. What then would happen? 

A. I would like to draw a diagram of that to make 
myself perfectly definite. I understand this was to be. 
in oil? 
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X-Q. 145. Yes. 

A. This drawing represents the presentation of an 
air filled cavity in a pool of oil to some sulphide par- 
ticles which are resting on the bottom of the containing 
glass vessel. This interface between the air and the 
ail is undoubtedly the seat of a certain amount of ad- 
sorption of air. [ have no experimental evidence which 
would indicate that in the absence of water a sulphide 
particle has any different potential energy in that air- 
water interface from what it has in oil. I should ex- 
pect that some of the sulphide particles might be held 
up by film flotation on the lower part of the bubble, 
but I have no experimental data which would enable me 
to predict, although I think it highly probable that if 
such a bubble were presented, that the surface energy 
——the surface tension of this layer is a little different, 
probably a little less than what it is in the bubble, and 
{ should expect to find some of those particles entan- 
gled in that layer, especially as their presence there 
would increase the viscosity, and if they once touched 
the interface they would not be readily drawn up 
from it. 

P. 3100, L. 25, insert “at the inside of the bubble, and at 
metal oil surface” after “ surface” 


. ae wou ucpend upon the general adhesive re- 
jations of those particular substances, which I have not 
personally studied. { may say that in general when a 
particle of a substance gets into an interface, or a nttm- 
her of them get there, they increase the viscosity, and 


Butte & Superior Mining Company. 3101 
Prof. Frederick E. Beach. 


it is a little harder to pull them out after they have 

once been in there; under the influence of the weight 

of the oil they may get tangled in that viscous inter- 

face, and they are not easily removed and shaken off, 

and I think perhaps the same thing would happen in an 

air-oil interface in the case you have asked about. 
X-Q. 147. You last referred to your test No. 12? 
fee lest No. 12, yes. 


(Last diagram marked “Beach diagram No. 
20). 


Diagram admitted in evidence without objec- 
tion and marked DEPFENDANT’S EXHIBIT 
No. 147. 


X-Q. 148., Is there any difference between adhesive- 
ness and Ree ation: or in what manner are they re- 
lated? 

A. By adhesion I understand the molecular attrac- 
tion of the molecule of one substance for the molecule 
of another substance. They stick together, if we dis- 
cuss it in terms of forces, but in general I prefer to 
discuss the thing in terms of energy. The result of the 
molecular attraction between the molecule of sulphide 
and the molecule of oil is to concentrate a layer of the 
substance at the interface, and that layer of transition 
where the concentration takes place, is called the ad- 
sorption layer, and the change in concentration is 
known as adsorption. 

X-Q. 149. Can you give me any dimensions as to 
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the thickness of the interface where we have a bubble 
of air immersed in water and containing what you have 
described as an inner oil layer, I believe? 

A. I don’t remember using the term, inner oil layer, 
but to reply to the question as to thickness, I have not 
any very definite idea; it varies, undoubtedly, with the 
substance in service. 

X-Q. 150. Take, for example, the interface between 
oil and water of which you have spoken to a consid- 
erable extent. Can you give any definite dimensions 
as to the thickness of that interface? 

A. Icannot. It would undoubtedly vary with dif- 
ferent oils, and especially with the different solids that 
happened to be present. In the case of the kerosene 
and the inky water, that film—I don’t call it an inter- 
face—but that adsorption film, I should judge, was 
smaller than in the case where it was loaded up with 
metallic particles as in that bottle to which you just 
ReTemned.: 

X-Q. 151. Now, let us take the simple case of kero- 
sene oil in contact with water and no metallic particles? 

Xo Yes: 

X-Q. 152. Can you give a definite statement as to 
the thickness of that interface? 

A. I suppose that it 1s more than one molecule 
thick. Whether it is more than 100 molecules thick, | 
do not know. I ain not aware that any experimental 
investigation or estimation of that thickness has been 


made. 
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X-Q. 153. Now, let us assume an oil-air surface 
with no metal present. What would be the thickness 
of the interface? 

A. JI don’t understand that an interface has any 
thickness. The adsorbed layer has a thickness. I am 
not aware that any measurement has been made of the 
thickness of the adsorbed layer or if it has these things 
are not known to me. They belong to the realm of 
physical chemistry and that is not my specialty. 

X-Q. 154. Well, can you give us any idea of the 
thickness represented by what you state as the possible 
maximum in the case of oil and water, 100 molecules? 

A. JI can’t, expressed in centimeters or inches.: 

X-Q. 155. It is so impossible for the lay mind to 
think in molecules that I was trying to find out if you, 
as a physicist might not help us to get a picture of 
what was described. Can you do so? 

A. Well, the picture in my mind is that we have a 
layer of molecules in the case of the water-kerosene 
surface—I suppose that some of the water molecules 
are dispersed or diffused into the kerosene and some of 
the kerosene molecules are mixed or diffused into the 
water. In physics, we do not regard absolute discon- 
tinuity, and accordingly things shade off gradually, 
these things are more or less mixed or intermingled at 
the interface. As to the thickness of it I have no con- 
ception. 

X-Q. 156. Now, in case of an adsorption layer of 
an air bubble immersed in water, can you give a picture 
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of the minimum condition wherein that adsorption 
layer is one such as you have described, containing oil 
and shading off into the water? 

A. Iam not quite sure that I apprehend your ques- 
tion. It is the boundary between water and air, the air 
being within a cavity and the water surrounding that? 

X-Q. 157. And there being an oil adsorption layer 
at the interface of the oil bubble. In other words, the 
condition that you found when you have oil present in 
water and air bubbles in the water—and these air bub- 
bles have met some of the oil? 

A. I think, Prof. Taggart drew a diagram yester- 
day and I will refer to his drawing. If I have cor- 
rectly apprehended the question, referring to diagram 
/ of Profi. Taggart, Defendant’s Exhibit, 130, refer- 
ring to the portion of the diagram lettered A, which ] 
understand to represent a face containing air and this 
to be an oil contaminated surface, and this to be— 

X-Q. 158. (Interrupting) and outside of it, water. 

A. Water, possibly containing oil or not, as the case 
may be, but mostly water. I understand that there is a 
greater concentration of particles of the oil at the inter- 
face, that is, where the air begins, because thereby the 
oil lowers the surface tension or reduces the potential 
energy of the system and those particles of oil depend- 
ing upon its degree of solubility, will shade off very 
rapidly if it is an insoluble oil, so called, and much 
more gradually if it is a soluble oil. There is also un- 
doubtedly more or less compression or concentration of 
the air molecules near that surface. If there is a suf- 
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ficient amount of oil present then we may have a pure 
oil at this surface just as in the case where we put a 
drop of kerosene on a glass of water and the kerosene 
spreads over almost indefinitely and makes a layer so 
thin or so minute that it can only be perceived by spe- 
cial tests. Have I apprehended your question, or an- 
swered it? 

X-Q. 159. Yes. If we assume what are generally 
called insoluble oils, can you give any explanation of 
the minimum condition when there would be a substan- 
tial concentration at the interface, that quick shading 
off that you speak of? 

oe ite minmum condition, I judge, would be a 
layer of molecules, one molecule thick. That is the 
least that I can conceive of. 

X-Q. 160. And it is conceivable that there may be 
such a condition? 

fe | think so. 

X-Q. 161. That is to say, there is no reason why, 
under the forces that are at work there, you would not 
be able to spread out on the interwall of the bubble, a 
layer of oil one molecule thick? 

A. I am not sure that I understand the question, 
but as I understand it, the least amount of oil which 
would produce a contaminated surface there having 
the same properties all over, would be a layer one mole- 
cule thick. If we had less than one molecule thick they 
would be more or less bunched together in some places 
and scattered out in others and the surface would not 
have the same properties all over. 
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X-Q. 162. Now would such a layer, one molecule 
thick, be of utility in the concentration of ores? 

A. I should not suppose it wouid for the reason 
that the particles which are being lifted are of a size 
very large compared with the dimensions of a mole- 
cule. 

X-Q. 163. What further additional thickness would 
alter the condition of the problem? 

A. I don’t quite know what you mean by “the con- 
dition of the problem”. Do you mean how thick a 
layer would be operative? 

X-Q. 164. I understood that you said something 
about the surface energies being unaffected by thick- 
ness after a certain minimum thickness had been at- 
tained, and I would like to get that minimum thickness 
that you had in mind. 

A. That is not my understanding of the statement. 
My statement was this: That the surface tension of a 
liquid film, that is, with an upper and a lower surface, 
a liquid film does not depend on the thickness as long 
as that thickness exceeds a certain small value: Do 
you want that thickness? 

DEO) loa Yes, 

A. Ican only quote that from memory as I haven’t 
my notes with me. I have represented here (drawing 
a diagram on paner); a molecule of any substance and 
here is another molecule of the same substance. Then, 
the limit of molecular range, T mean the greatest dis- 
tance which we can separate these molecules and still - 


lave this one act upon that, that distance, d, is, I be- 
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lieve, 1/20,000 m.m. Liquid films, soap films have been 
measured which are considerably thinner than that. 
By “considerably” half or a quarter. The soap film 
ceases to show the ordinary colors and becomes dark. 
That is called the black spot. The thickness of the 
black spot, I believe, is quite a little less than that. The 
number I cannot recall at the moment, but if it is 
thinned out beyond that thickness that film changes its 
properties in rather an erratic way, and if it is much 
thinner than that undoubtedly it breaks, but I am un- 
able to quote from memory and | have not sufficient 
data here to specify that. 

X-Q. 166. Have you made any such investigation 
as to the film obtained in the agitation of froth flota- 
tion process? 

A. As to the minimum film? 

K-(). 167. Yes. 

ee No. 

X-Q. 168. You have no measurements? 

A. I have no measurements of their thickness. 
When they are loaded with these metallic particles as 
in the flotation process they undoubtedly have a thick- 
ness which is not of ultra-microscopic character, but a 
sensible fraction of a millimeter. I mean the whole 
thing, including the mineral particles which are im- 
bedded in it. 

X-Q. 169. There must be, I take it, a sensible dif- 
ference in the thickness of the adsorption layer around 
an air bubble when it emerges from a liquid as con- 
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trasted with the adsorption layer when it is immersed 
in the liquid? Is that true? 

A. It has a single adsorption layer when it is in 
the liquid and when it emerges it has a double adsorp- 
tion layer, one inside and one outside, the thickness of 
that film being dependent on the metallic load which it 
carries. And it would— 

X-Q. 170. And it would have a definite relation to 
the thickness of the adsorbed layer of the immersed 
bubble? 

A. I don’t think so. 

X-Q. 171. Would it be thicker of necessity? 

A. Because there are’ two adsorption layers, I 
should think it would. 

X-Q. 172. Can you give me any definite idea of the 
thickness of the adsorption layer of contaminated im- 
mersed air bubbles in the absence of solid particles in 
the bubbles? | 

A. Such information is not within my memory. It 
is possible that the physical chemists have made such 
measurements but I can not supply them at the present 
moment. 

X-Q. 173. And as to the thickness of the double 
adsorption layer or film of the bubble, that has emerged 
from the water, can you give me anything definite as 
to that? 

A. Why, it may be something in my judgment a 
quarter as large as that that I have written on the 
blackboard and it may be anything above that. I do not 
know that there is any special limit. In the kind of 
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phenomena which we had in this experiment No. 7, the 
thickness of these colored water globules could be any- - 
thing. ‘The interface there was air, in that particular 
case, was an air water interface; and the outer surface 
in that case was an oil-water interface, and the thick- 
ness between them as we observed it, might be anything 
over a millimeter. 

X-Q. 174. I would like a definite statement from 
you as to whether or not the affinity of air for metal 
is utilized in the froth flotation concentration of ore. 

A. In the agitation froth process, or in the pneu- 
matic froth process,{ig if not. It is not, except in as far 
as there may be air adsorption in this interface. 

X-Q. 175. That is, there may be air adsorbed at the 
oil-adsorption interface? 

A. There may be air adsorbed at any place where 
air is in contact with another liquid or another solid, 
but in my judgment, air plays a relatively insignificant 
part. 

X-Q. 176. Now, it is true, it it not, that where you . 
employ oil in the concentratton of ores, varied in the 
procedure of agitation froth flotation or pneumatic 
froth flotation, that there is an amount of oil so smal? - 
that you get no practical results at all from it? That 
is true, isn’t it? , 

A. If I understand the question, no. Will you 
please repeat it? 

(Question read.) 

A. Now, I understand if there is any oil present at 
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all that 1t has some influence in forming these contami- 
nation layers and it acts in the process. 

X-Q. 177. Well, it is a fact, is it not, that you can 
use too little oil to get any practical result at all? 

A. It is all a question of degree, a question of the 
stability of the film that you get. The actual opera- 
ion of the mills or the cells, [ am not competent to dis- 
cuss. I would give it as my opinion that the difference 
between a minute quantity of oil and a large quantity 
af oil is wholly a question of degree and not a ques- 
tion of difference in kind. 

X-Q. 178. Well, now, I am assuming something 
more minute than the minute quantity of oil. Conced- 
ing that, you can get no practical results at all; isn’t 
that soP 

A. I don’t understand what you mean “assuming 
something more minute than a minute quantity.” 
Would you put that in figures? 

X-Q. 179, I understoogd when you said “minute 
quantity of oil” you referred to the minimum quantity 
af oil that was used and produced useful results. Now, 
i say if you go down below that you impair your re- 
sults, do you not? 

A. That is a question of technical operation of 
which I have no adequate knowledge. 

X-Q. 180. Now, let us assume that you had one 
drop of oil to ten tons of water, and suppose you un- 
dertook to impregnate that water with little air bub- 
bles by sending the bubbles up through a porous bot- 
fom. What would you expect to be the result of that 
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one drop of oil in that ten tons of water upon the mil- 
lions and millions of air bubbles that would be dis- 
tributed through the mass? 

A. I would expect that this oil would adsorb in the 
air-water surface of some of the bubbles which it first 
met. It might distribute itself in one bubble or it might 
distribute itself in a thousand bubbles; and if any one 
of these bubbles came in contact with a sulphide par- 
ticle, it might pick up one sulphide particle. Whether 
that is a commercial operation or not I am not quali- 
fied to say. 

X-Q. 181. Now, let us start with an ore pulp, and 
in that ore pulp we have a drop of oil, and ten tons of 
ore and twenty tons of water, and we agitate that very 
vigorously, and then we pass it into spitzkastens. We 
use every possible effort to thoroughly disseminate that 
oil through the pulp and bring it in contact with me- 
tallic particles; what would you expect to happen under 
those conditions? 

A. If I had apparatus sufficiently delicate I should 
expect to find some air-water surfaces and possibly 
bubbles which were contaminated with the oil, and 
possibly a particle or two of sulphide imbedded in it; 
but it is a needle lost in a haystack. 

X-Q. 182. Now, isn’t it conceivable that there is 
some point at which—some point in the oil quantity or 
degree of oil quantity at which, when added to that 
pulp, we bring about the concentration in a froth of the 
maximum number of sulphide particles? 
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A. No, not a maximum. If the first condition 
raised one sulphide particle, and you doubled it, you 
might get two; if you trebled it you might get three. 
The thing would appeal to me as a matter of degree. 
[ know of absolutely no dividing line, no critical point 
of change. 

X-Q. 183. But isn’t it true that you have got a cer- 
tain number of sulphide particles in your pulp; you 
have a certain definite number of sulphide particles in 
your pulp? 

ees: 

X-Q. 184. I am assuming all other conditions equal, 
and I am merely adding oil enough to get, say, ninety 
per cent of the sulphide particles in that pulp to the 
surface in the form of froth. Isn’t it conceivable that 
there is a certain quantity of oil that will do that? 

A. A certain quantity—depending on what is suf- 
Acient to do it? 

Ne O Soa Nes. 

A. I suppose it is, but I also suppose that if you 
attach a little more oil, it will do it just as well or a 
little better. 

X-Q. 186. Now, I am assuming that keeping the 
conditions equal you have found out just how much oil 
will do it. Now, do you say that having added a little 
more oil it will do it better—I can’t understand that? 
After a thing is done it is done. If you will explain, J 
will try to understand it? 

A. Well, by doing it better | mean hold them more 
securely, make a more stable froth, less likely to escape 
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from it, bring it up more readily; it may take longer 
agitation with a minute quantity of oil than with a 
larger quantity of oil. 

X-Q. 187.: Then you think the addition of oil will 
make for the stability of the froth—the addition of the 
oil beyond what is necessary to bring them up will make 
for the stability of the froth, is that correct? 

A. As I understand the conditions which are pro- 
posed, if we had a film which contained a very sparse 
layer of metallic particles, the viscosity would be rela- 
tively small. If we use more oil, that oil would adsorb 
upon those particles and more of them would stick to 
it, and the resulting bubble film would be more stable 
and more persistent. 

X-Q. 188. Then there would be a certain oil pro- 
portion by the use of which you would get a certain 
best condition of stability? 

A. I don’t know what you mean by best condition. 

X-Q. 189. Suppose we start with a certain pulp 
containing a certain number of metallic particles, and 
you put in oil and put it through the process, and we 
find that we have not enough oil to give us what we 
want; the froth of that certain stability containing a 
certain number of metallic particles. If we had a little 
more oil we would approach the condition that we want, 
wouldn’t we? - 

A. I don’t know. I suppose you would bring out 
more particles and you would get a more stable froth. 

X-Q. 190. And there must be some condition when 
we get the maximum froth? 
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A. No, I don’t think so. 

X-Q. 191. You cannot conceive it? 

A. I don’t see any condition of maximum. 

X-Q. 192. And the more oil you put in the better 
the results is that right? 

A. You will ultimately arrive at bulk oil flotation. 
You would not have bubbles if you put in oil enough. 

X-Q. 193. How much do you know of bulk oil flo- 
tation ? 

A. I will answer again that I am not an expert in 
technical matters, and I am not competent to answer 
that question? I don’t know. 

X-Q. 194. Can you conceive a condition where, hav- 
ing started with a certain pulp and added to it a cer- 
tain amount of oil, enough to form a good froth con- 
taining ninety per cent of your concentrate, with that 
definite relation, and now you add a little more oil. 
What do you expect to happen then? 

A. I suppose you might get a thicker froth, a froth 
which looked more oily, which might hold more oil 
than was absolutely essential, a non-economical use of 
the oil, some of which might be redundant, but as I 
stated, I don’t feel that my opinion is competent, be- 
cause I am not an expert in the actual operation. I am 
only stating my idea of what might happen; in other 
words, if I apprehend your question, there is an amount 
of oil, undoubtedly, that is too small to get any dis- 
coverable effect. One molecule of oil won’t form an ad- 
sorptive layer, but I don’t think that there is any maxi- 
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mum there at which the flotation process would cease, 
before you get to bulk ‘oil flotation. 
X-Q. 195. How about a minimum amount of oil? 
A. One molecule. 
X-Q. 196. One molecule, you mean a layer of one 


qr 
molecule aver exerv hithhle ? 
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on Ve ach itself to the ore molecule of” after « 


mole- 
come to the surtace. 

X-Q. 197. That would not be a practical process of 
concentrating ores? 

A. No. 

X-Q. 198. Now, let us get up to a practical process; 
can you give any opinion as to the practical processes 
of concentrating ores? 

A. No, I don’t know anything about the practice of 
concentrating. J am, however, sure that there is no 
dividing line in the amount of flotation. There may be 
different amounts of froths—different kinds of froths, 
some more stable and some less stable, some richer 
and some poorer, but that is a question for the experts 
in manipulation and is outside of my field. JI have en- 
deavored to explain how the thing occurs. The condi-’ 
tions under which it is to be carried out I don’t know.’ 

X-Q. 199. Therefore your statements that there is 
no critical point is a statement based upon theory and 
not upon actual knowledge of the practice of the proc- 
ess? 
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A. By the word “theory” I do not mean hypothesis. 
{n answering that question when I use the word theory 
{ mean a set of conclusions drawn from certain 
premises, experimentally established, these conclusions 
being reasoned out. My opinion is based upon theory 
as so explained, and my answer as given is in accord- 
ance with that. | 

X-Q. 19914. Suppose I put a case to you of using 
one-tenth of one per cent of oil to the ore, and obtain- 
ing by it a concentrate of high grade with a ninety per 
cent recovery; that would be a practical process of 
concentrating ores, wouldn't it? 

A. Why, ! have heard it so stated; 1 don’t know 
of the actual operation myself. 

A-Q. 200. Now, if you added two-tenths of one per 
cent, you would be using more oil than would be neces- 
sary, wouldn’t you? 

A. I judge not, from the testimony of the experts. 

X-Q. 201. From what testimony? 

A. I understood Mr. Wickes to say that in many 
cases the use of a larger quantity of oil was very bene- 
. ficial to the commercial results. 

X-Q. 202. Then you base it upon what has been said 
dere about these wonderful operations, aiming to use 
twenty pounds of oil or more to the ton of ore? 

A. No, I base it on my understanding of what actu- 
ally happens in the flotation cell. 

X-Q. 203. Well, let us put it this way. Suppose you 
get a ninety-five per cent recovery with a high grade, 
and one-tenth of one per cent, or two pounds of oil to 
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the ton of ore. Suppose you increase it to twenty 
pounds to the ton of ore and get the same grade and 
the same recovery. Is it your theory, that, comparing 
those two operations, the one using two pounds and the 
other using twenty pounds, and both getting the same 
results, that those operations are essentially and in all 
respects the same? 

A. I would not say that the result was the same in 
every respect, but I would say that the process was 
the same in kind. It is the process that I am describ- 
ing, and not the result. . 

X-Q. 204. . Would the concentrate froth be sub- 
stantially the same? . 

A. There would be probably differences in the 
amount of oil detectable in the—on the surface. 

X-Q. 205. Most of the oil would go with the con- 
centrate, would it? 

A. That depends how much water there was and 
how much agitation was used and how much mineral 
was there. 

X-Q, 206. Let us take the case of two pounds. 

MR. SHERIDAN: I object, because the witness 
has not qualified as a practical mill operator. [ have ~ 
listened to it a long time. He is not a mill operator at 
all, and has not testified to mill operations, but simply 
to the physics of the phenomena. 

THE COURT: I think so. He has assumed to tes- 
tify how the process worked and the functions of these 
various materials used in it, but nothing— j 
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MR. WILLIAMS: I respectfully submit that the 
witness has said that there is no such thing as a criti- 
cal point, and that he has testified as to the process of 
concentrating ores. Consequently I am entitled to in- 
quire rather fully as to that matter. 

THE COURT: Well, proceed; we will see what 
the question is. 

X-Q. 207. Take the case of two pounds of oil to 
the ton of ore, where would you find the oil at the con- 
clusion of the operation? 

A. I don’t know what the operation is that you con- 
template. 

X-Q, 208. The operation of froth flotation concen- 
tration of ores; the agitation froth process or the 
pneumatic? 

A. Again I say that I am not familiar with all the 
details of this operation. I don’t know what becomes 
of the tailings or what water is spilled or the various ° 
cells that carry the circulating load; I am not compe- 
tent to answer that question; I don’t know. 

XO, 209", Now, theycase 
ble frothing agent. This soluble frothing agent being 


take the case of a solu- 


dissolved in the ore pulp, is wholly distributed through 
the pulp, 1s it not, primarily? 

A. That depends what degree of solution you use? 

X-Q. 210. Well, it is wholly dissolved; I am talk- 
ing of it as a dissolved substance in the pulp? 

A. Well, soluble substances do not dissolve without 
limit; there is a limit to solution, and the thing may be 
saturated and nothing may be dissolved. 
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X-Q. 211. I did not say soluble without the further 
qualification that it was wholly dissolved. Now we 
have dissolved in the pulp a frothing agent? 

A. Do you mean dissolved in the water of the pulp? 

X-Q. 212. Dissolved in the water of the pulp if you 
will, a frothing agent? 

fae Yes. 

X-Q. 213. Now, that is distributed uniformly 
through the pulp, is it not? 

A. I don’t know. 

X-Q. 214. Now, let us assume that you put in a 
soluble frothing agent and put it through the Janney 
emulsifiers, or the first agitator, then let it flow into 
the separation box or spitzkasten. That operation has 
brought about, has it not, the contact of every metal 
particle with the water containing the dissolved froth- 
ing agent? 

A. I presume so; I don’t know; I never watched it. 

X-Q. 215. If a particle of metal is in the water of 
that pulp containing a dissolved frothing agent dis- 
tributed and dissolved in it, must it not be in contact 
with the water containing the dissolved frothing 
agent? 

A. And no other oil or insoluble oi! present? 

PO, 216. Yes. 

A. I presume it would be. 

X-Q. 217. And has every bubble of air in that pulp 
not also come in contact with water containing the dis- 
solved frothing agent? 

A. I think it would depend eee upon the char- 
acter of the frothing agent. 
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X-Q. 218. I am assuming a wholly dissolved froth- 
ing agent dissolved through the pulp. Now, I ask you 
if the air bubbles will not of necessity be in contact? 

A. It would make a difference, it seems to me, 
whether the soluble frothing agent lowers the surface 
tension or raises the surface tension. 

X-Q. 219. I see—I think we have got far enough 
along to know that the soluble frothing agent, if a 
soluble frothing agent has to lower the surface tension, 
haven’t we? 

A. No. 

X-Q. 220. You have not reached that point yet? 

A. No. 

X-Q. 221. Well, let us take a soluble frothing agent 
that does lower the surface ifdsion, if you wish me to 
put that as a qualification. Won't every air bubble be 
in contact, that is immersed in the pulp—be in contact 
with the water containing this dissolved frothing 
agent? 

A. Iam not sure. My opinion ts it would depend 
on the character of the frothing agent, on the amount 
of the energy of the various interfaces. 

X-Q. 222. And when you gét concentrate with this 
dissolved frothing agent, where would you expect to 
find the dissolved frothing agent? You have floated 
off your froth and separated it, and you have in your 
spitzkasten the tailings—where will you find your dis- 
solved frothing agent? 

A. Iam not even sure that this dissolved frothing 
agent would collect the mineral particles. You have 
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got to specify the character of the frothing agent, 
whether it has any adhesion to the sulphide. All that 
has been said in my understanding of the question was 
that this substance was soluble in water and it pro- 
duced a froth. Now, I am not sure that the sulphide 
will tend to migrate into these bubble films any more 
than the quartz does. We have got to study the char- 
acter of the particular kind of frothing agent. 

X-Q. 223. Well, take acetic acid? 

A. I don’t know anything about that, but if you will 
permit me to specify another case, the case of saponin. 
If saponin is put in water it lowers the surface tension 
slightly with increased viscosity, and you get a very 
nice froth, but there is no essential adhesion between 
the sulphide and the saponin. A frothing agent like 
saponin does not, as I understand it, produce mineral 
separation of this kind. 

X-Q, 224. I see you have not adopted the terminolo- 
gy of the art—that is, the terminology of the art in the 
patents at least, that is a mineral frothing agent, and I 
intended always to describe a mineral frothing agent, 
a frothing agent that produced a selective mineral froth 
or selective froth? 

A. In the case that you get a froth by such froth- 
ing agent, if you examine the froth or the concentrate 
as it comes up in the froth, I should expect to find a 
very considerable part of it in that interfacial film. 

X-Q, 225. And the concentrate would carry a great 
part of the dissolved mineral frothing agent? 

A. I think so. 


) 
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X-Q. 226. And the operation of the process would 
have robbed the pulp, you might say, of its dissolved 
frothing agent? 

A. To a certain extent. 

X-Q. 227. You don’t know to what extent? 

A. I don’t know to what extent. That is entirely 
outside of my field of investigation. 

X-Q. 228. Now, in your direct examination you said 
that in the agitation froth process of concentrating 
ores, oil above one per cent and oil under one per cent 
were the same, but you just made the bare statenient. 
Now, I would like you to put as fully and clearly as 
you can, your reason for that statement? 

A. Well, in the theory in which I have outlined with 
the physical facts and principles to which we appeal in 
explanation thereof, I see absolutely no difference in 
the process of the operation. 

X-Q. 229. You recognize, as I understand it then, 
no difference in the process from a minimum of some- 
thing less than a pound of oil to the ton of ore, up to 
the conditions of 200 pounds of oil to the ton of ore? 

A. Ican see no difference in the physical phenomena 
nor reason for a failure of the process. 

X-Q. 230. With 200 pounds to the tone of ore, 
would you expect to find that your froth was composed 
of air bubbles, and metal particles exclusively? 

A. J have never seen cell operations with such large 
amounts of oil and J have no idea what would happen. 

X-Q. 231. What is the largest amount you have 
Beemer 
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A. I donot know. The amounts were not told me. 

X-Q. 232. What is the smallest amount you have 
seen? 

A. You mean in mill operations? 

X-Q. 233. In mill operations. 

A. The facts were not told me. I simply saw the 
machines operating. 

X-Q. 234. Your practical contact with mill opera- 
tions has extended over what period? 

A. It hasn’t any extent. I have seen mills in opera- 
tion, but I have no acquaintance and no competency 
to pass upon their operations. 

X-Q. 235. Can you conceive of a bulk oil float 
buoyed by air bubbles in it, like a sponge? Can you 
conceive of that as being produced by the use of oil, ore 
and water? 

A. I never have seen the bulk oil operation and [ 
am not able to answer that question. 

X-Q. 236. Can you give any theory as to the rela- 
tion of the metal particles in such a bulk oil float, to 
the air bubbles in that float? 

A. All I can state is that the metallic or solid par- 
ticles would take up that position where their poten- 
tial energy was least, and that can only be determined 
by experimental investigation. I think the chances are 
that if they were to reach the air-oil viscous layer, that 
they might have some difficulty in leaving it? But, 
further than that, I have not made any investigation on 
that point. I can not offer any intelligent opinion. 

X-Q. 237. Would the air bubble in that oil layer 
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loaded with metallic Par eee oe any useful func- 
tion other than to make a hole and diminish its 
weight? 

A. I can not say; I have not seen it. 

X-Q. 238. Have you ever seen a float wherein there 
were oil bubbles and air bubbles, the oil bubbles and air 
bubbles existing in what looked like a froth but was not 
in fact andre froth? 

A. I don’t understand what you mean by an air 
bubble, or what by an oil bubble. What is the air bub- 
ble made of? 

X-Q. 239. The air bubble has a film about it. 

A. Wilmot evhat? 

X-Q. 240. A film which I would say would contain 
some oil, and have you ever seen in the same float with 
that, an oil bubble? 

A. I don’t understand what an oil bubble is; how 
is that different from the so-called air bubble? 

X-Q. 241. Is it conceivable that there could be an 
oil globule in such a float? 

A. A body of oil 
rounded with water.— 

X-O. 242. Well, now, that is a float where you have 
these floating bubbles with their oil adsorbed layer, 


a globule of oil might be sur- 


and metal particles? Have you seen in such a float 
globules of oil? 

Ae Noy 

X-O. 243. ‘Newer? 

A. BNO. 
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X-Q. 244. But I take it that your examination of 
what has been done in mill operations has been of such 
a recent nature that you really would not express an 
opinion? 

A. JI am not competent to pass upon mill operations 
of any sort or character. 


Whereupon an adjournment was taken until Fri- 
fay, April 27, 1917. 


Priday, -upilee/ 191/.10:00 AVE 


FREDERICK E. BEACH resumed the stand 
for further 


CROSS-EXAMINATION 
BY MR. WILLIAMS: 


X-Q. 245. Coming now, professor, to the scientific 
viewpoint, is it not scientifically certain that in the agi- 
tation process there may be an amount of oil so small 
that the process will not succeed? 

A. I do not grasp all the question. Will the 
reporter please repeat it? 

(Question read as follows: “Coming now, profes- 
sor, to the scientific viewpoint, is it not scientifically 
certain that in the agitation process there may be an 
amount of oil so small that the process will not suc- 
ceed ?’’) 

A. I don't think that I could specify any quantity 
of oil so small that it could not be conceded to exert 
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some influence in bringing a sulphide particle to the 
surface in connection with an air bubble. I presume 
that there are quantities small enough so that the proc- 
ess would not be commercially acceptable. 

X-Q. 246. I will repeat the question: ‘““Coming now, 
professor, to the scientific viewpoint, is it not scien- 
fifically certain that in the agitation process there may 
be an amount of oil so small that the process will not 
succeed P” 

A. J have tried to answer the question as I under- 
stand it, that no matter how small the quantity of oil, 
the smallest quantity that I can conceive will be a mole- 
cule. Now, a molecule of oil might attach itself to a 
molecule of sulphide in this combination, namely an 
ailed sulphide particle might be entrapped in a bubble 
form and brought to the surface. Such a thing,. scien- 
fifically, it seems to me is possible, but I repeat there 
may be a quantity of oil which is not commercially ac- 
ceptable or useful. If I failed to apprehend your ques- 
tion will you please put it differently? 

X-Q. 247. Is it not scientifically certain that there 
must be.under a given set of conditions other than the 
ail proportion, an amount of oil so small that a desired 
proportion of sulphide particles will not be included in 
the froth? 

A. J understand that “desired proportions’ have 
nothing to do with science. Science inquires as to what 
can or does happen. “Desired proportions” have to do 
with commercial values. I have tried to answer the 
question as J understand it. There is no minimum limit 


Butte & Superior Mining Company. 3127 
Prof. Irederick E. Beacli. 


down to the molecule of the quantity of oil that I can 
see that would fail to operate. Whether this amount 
as small as a molecule of sulphide is desired or not 
hasn’t anything to do with science. 

X-Q. 248. I will repeat the question, changing the 
word “desired” to “fixed’’? 

(Question read as follows: “Is it not scientifically 
certain that there must be under a given set of condi- 
tions other than the oil proportion, an amount of oil so 
smal] that a fixed proportion of sulphide particles will 
not be included in the froth?’’) 

A. If we mean by “fixed” always under a like con- 
dition as far as we can produce it, that the same 
amount shall always be brought up, I should say that 
there would be, according to the theory of probability, 
sometimes more or sometimes less; but I cannot say 
that I see there should be any minimum Jimit to the 
quantity of oil fixed in any way than by the least quan- 
tity of oil known to science, namely a molecule. 

X-Q. 249. Is it not scientifically certain that there 
must be under a given set of conditions other than the 
amount of oil, an amount of oil so large that the proc- 
ess won't succeed? 

A. What do you mean by the “process?” 

X-Q. 250. The agitation froth process. 

A. The agitation froth process in mill operations I 
am not competent to answer. 

X-Q. 250%. I asked you about it scientifically. I 
didn’t say anything about mill operations. I asked you 
for scientific facts. 
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A. But you couple with it, as I understand it, a par- 
ticular process which is a mill process. That process | 
am not familiar with. 

X-Q. 251. You have testified about the agitation 
froth proocess from a scientific viewpoint, have you 
not? 

A. Yes, but that process involved the beating of air 
into a mixture of oil and water and sulphide and 
gangue. The physical phenomena, physical result, of 
the process involved in that I have testified to. If by 
the word “process’’ you mean such an operation, I can 
say that I see no limit to the amount of oil which would 
limit the operation of this process which | have out- 
lined, namely the adsorption of a sulphide particle at a 
surface, or in other words the migration of a sulphide 
particle into an interfacial film. The point of the ques- 
tion I understand it is the fixed quantity of oil. The 
quantity of oil which is involved, for example, in that 
copper powder experiment has nothing to do with the 
entanglement of the metallic particle. In that experi- 
ment there was an inch of oil. The phenomena would 
have been absolutely the same if there had been a lake 
of oil a mile deep. I know of no upper limit to the 
amount of oil. I have tried to answer the question as | 
understand it. 

X-Q. 252. When you say the process is the same 
from a molecule of oil upwards is it your theory that, 
given the presence in water of the minimum quautity 
necessary to act in the way you have described, and 
given the necessary agitation and other conditions, it 
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acts that way whether an excess of oil over and above 
that minimum be present or not present? 

A. Well, I will try to answer the question as I un- 
derstood you to put it. It is rather involved. If you 
have a molecule of oil and a molecule of sulphide, there 
are certain physical or if you prefer to call it chemical 
force$ of attraction between those. The molecule of 
sulphide is drawn to the molecule of oil, or vice versa, 
and there is an adhesion or attachment between them, 
and they rise together, entangled in the film of an air 
bubble. I say that the operation of that law or that 
physical phenomenon is identically the same whether 
the number of molecules there is one of each, or wheth- 
er the number of molecules of sulphide and oil are in- 
conceivably great—infinite in number. | 


MR. WILLIAMS: That is all. 
REDIRECT EXAMINATION. 
fe MR, SCOTT: 


R-Q. 253. When an air bubble in the bubble holder 
is brought in contact with an oiled-sulphide particle, 
is there any change in the distribution of the oil—by 
the bubble holder I refer to this little inverted cup. 

A. May I illustrate that by a diagram? 

R-Q. 254. Yes. 

A. In my sketch let V represent a vessel containing 
some water as shown, with an upper horizontal surface. 
Suppose we try an experiment of this sort, that we have 
a stock of wood, a match stick, or suppose we have a 


3130 Minerals Separation, Limited, et al., vs. 
Prof. Fredéetic i. Beack, 


needle shaped piece of metal or sulphide, that we dip 
that into the vessel of oil, and. when the end of this 
rod or stick has been oiled that way, present this 
minute charge of oil to the liquid surface. If this oil 
was kerosene or creosote or pine oil, at the instant of 
contact of the oil point with the surface there is usual- 
ly seen a flash of oil over the surface—seen by reflected 
light you get the colors of thin films; the experiment 
is readily visible in that form. Note the condition; we 
have air on one side of the surface, the interface; we 
have water below and an oiled stick is brought in con- 
tact with that interface. Now, Mr. Scott, J under- 
stand that your question conceives a state of circum- 
stances which do not essentially differ in their nature 
from this. [ will try to represent that. Let U repre- 
sent a glass vessel, and let this represent an oiled sul- 
phide particle or particles which is underneath the sur- 
face of the water in this vessel. Suppose that you have 
a bubble holder such as was discussed in our testimony 
yesterday, and suppose that you have a bubble there 
filled with air; we have air on the inside, we have the 
interface air-water, and we have water. We are now 
bringing an oiled body in contact with an air-water 
layer. As far as the physical phenomena are concerned, 
the conditions are identically the same as they wre 
here; air, water and oiled stick or particle, material Of 
any kind. The physical phenomenon which happens 
there is a spreading or adsorption of the oil over the 
interface, and I have no question that there 1s a layer 
of adsorbed oil upon the interface of that bubble, just 
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as here we find that when the experiment was complet- 
ed we have an oiled layer or adsorption film in the up- 
per figure. Have J answered the question that you 
asked? 

R-Q. 255. I think so. That will be all. 


Diagram marked No. 21 and offered in evidence 
admitted without objection marked DEFIEND- 
ANT’S EXHIBIT No. 148. 


RECROSS-EXAMINATION. 
Ey MR. WILLIAMS: 


RX-Q. 256. What is the thickness of the film whicn 
flashes over the water surface when the water surface 
or bubble surface meets oil as shown in your diagram? 

A. I can not quote the figure, but I can quote from 
memory an authority in which you can find the state- 
ment of the measure value. In the popular lectures by 
Sir William Thompson, he was Sir William Thompson 
when the lectures were delivered; he has been since 
known as Lord Kelvin—and in, I think the first volume 
—I believe there are three volumes; one of the volumes 
has to do with geology, and one with navigation, and 
the first one has to do with certain phenomena of 
physics. I can not quite recall that, but I am pretty 
sure it is in the first volume of his popular lectures, that 
in one of those lectures he discusses the minimum 
thickness of a layer of oil which will respond to the cam- 
phor test. In an experiment of this sort, if you take 
perfectly clear water and drop on it little grains or dust 
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of camphor, those particles are seen to move and dance 
around in a very erratic manner. A minute amount of 
oil will prevent the camphor from dissolving in the 
water, and the particles will be then at rest. In that 
lecture he has carried out a calculation to show'Shat the 
least thickness might be. The upper limit, the maxi- 
mum thickness there one can hardly state. If you put 
on a large drop of oil, a certain amount of it spreads 
over the surface, and the rest of it gathers together 
in a little lens-shaped figure, and if you add more 
oil the lens increases its diameter, until the whole sur- 
face would finally become covered to any depth. There 
is no upper limit, but the smallest thickness that will 
respond to the camphor test can be found in that lec- 
ture. That is my recollection of one instance in the 
literature of physics that a definite statement is made 
in regard to the thickness of the oil. 


PROFESSOR WILDER D. BANCROFT, 
called as a witness in behalf of the defendant, be- 
ing first duly sworn, testified as follows: 


DIRECT EXAMINATION. 
BY MR, SCOPT: 


Q. 1. Professor Bancroft, will you please state your 
full name? 

A. Wilder D. Bancroft. 

Q. 2. I will ask you to state the character and nature 
of your education along scientific subjects ¢ 
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A. I have received an A. B. degree in Harvard in 
1888. The next year I was assistant in general chemis- 
try and also private assistant to Professor Jackson, do- 
ing research work in organic chemistry. The year 
after, 1889 to 1890, I did research work in organic 
chemistry at the University of Strasbérg, working un- 
der Professor Fittig. From 1890 to 1892 I studied 
physical chemistry at the University of Leipsi#? under 
Professor Ostwald. I received Wy Ph. D. degree at 
Leipsig in 1892. The following winter I spent at the 
University of Berlin attending lectures on mathematical 
physics by Professor Helmholtz. In the spring of 1893 
I went to Amsterdam and worked for about two months 
in the private laboratory of Professor Van ’t Hoff. The 
next year, 1893 to 1894, I was an assistant in general 
chemistry at Harvard and I gave a private course of 
lectures on physical chemistry on the side. The next 
year, during Professor Cook}e’s absence, I gave a 
course of lectures on physical chemistry. I don’t re- 
member whether [ was an assistant or an instructor 
that year. It was one or the other. From 1895 to 
the present time I have been at Cornell Univeristy as 
assistant professor of physical chemistry and profes- 
sor of physical chemistry. 1 don’t remember when | 
was appointed professor of physical chemistry. It was 
either in 1902 or 1903. I have had no technical ex- 
perience. 

QO. 3. You have referred to Professor Ostwald and 
Professor Helmholtz and Professor Van ’t Hoff. Can 
you briefly tell us something about these men, what 
their line of investigation and authority has been? 
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A. Ostwald was the man who really developed the 
modern physical chemistry. He founded the Zeitsch- 
rift fuer physikalische Chemie. 

THE COURT: What is the name of that? 

A. It would be in English the Journal of Physical 
Chemistry, but I cannot call it that because that is my 
journal. And he has been the leading figure in the de- 
velopment of physical chemistry. He received the 
Nobel prize for his work on reactions, vélocity and 
catalysis. I don’t know what year he received it. Is 
that enough about him? 

Q. 4. That is all concerning Professor Ostwald? 

A. Yes. Helmholtz was an authority on everything. 
That describes him pretty thoroughly, I think. He be- 
gan by doing work on the conservation of energy. He 
and Lord Kelvin were unquestionably the leading two 
physicists of their time. It is a matter of personal 
preference which you consider the greater. And he 
also did an immense amount of work in physiological 
optics and music and heaven knows what else. Van ’t 
Hoff was the first man to do very much in the way of 
applying mathematical formulae to reaction velocities. 
His early work was in organic chemistry, where he d>-- 
veloped the theory of the asymmetric carbon atom, 
which accounted for the optical rotation of carbon com- 
pounds. For the greater period of his life he was at 
Amsterdam. After that he was called to Berlin by the 
joint action, as I understand it, of the Prussian gov- 
ernment and the Prussian Academy of Sciences, a 
thing which has never happened to any man before in 
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the world. When the Nobel prizes were given he was 
the first man to receive the prize in chemistry. 

Q. 5. Have you been connected with any scientific 
organization? 

A. Yes. J ama life member and an ex-president of 
the American Chemical Society. I was one of the orig- 
inal committee which organized the American Electro- 
Chemical Society. I am a member of that society and 
an ex-president. I am a member of the American Phy- 
sical Society ; J am a non-resident member of the Amer- 
ican Academy of Arts and Sciences. I am an ex-vice- 
president of the American Association for the Ad- 
vancement of Science, section C; I am a member of the 
Chemist Club of New York and an ex-non-resident vice- 
president. I founded the Journal of Physical Chemis- 
try in 1896, and I have consequently been the editor of 
it ever since. J am associate editor of the Journal of 
the Franklin Institute. I was a member of the execu- 
tive committee of the Eighth International Congress of 
Applied Chemistry. I was also chairman of the sec- 
tion on photography and photo-chemistry of the 
Eighth Congress of Applied Chemistry, and I am now 
the chairman of the sub-committee on electro-chemistry 
of the National Research Council in connection with 
the war. 

Q. 6. How long, Professor Bancroft, have you been 
interested in the subject of flotation concentration? 

A. Some time in 1906, presumably in the spring of 
1906. I read the articles on the physics of ore flota- 
tion by Swinburne and Rudorf and on the concentra- 
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t1on of metalliferous sulphides by flotation by Hunt- 
ington. I cannot fix the date any more accurately than 
that because this number of the transactions of the 
Faraday Society purports to have been published in 
February, 1906, but these numbers come out at very 
irregular intervals and I cannot say nowy ‘eleven years 
afterwards, whether it came out in February or wheth- 
er it came out in August; but I read it as soon as it 
came and it presumably came in the spring of 1906. 
At that time I was not lecturing on anything to which 
these articles had any special application so that they 
rather went into abeyance, but when I took up a course 
of lectures on applied colloid chemistry this came in 
and in the autumn of 1912 [ gave a lecture or a part of 
a lecture on flotation and I have done the same every 
year since then. Jn the beginning it was very little 
knowledge and mostly guess work, and since then there 
has been every year a little more knowledge and still a 
great deal of guess work. 

Q. 7. Now, how would you define or describe a 
froth? - 

A. A froth is a closely packed mass of air bubbles 
having a honeycomb structure with liquid films as the 
cell walls and with each individual cell filled with air 
or with other gas. That definition excludes things like 
aerated bread which | think should not be considered 
as froth. 

Q. 8. Is it possible to obtain a bubble with a pure 


liquid? 
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A. It is practically impossible to get a free bubble 
with pure liquid because the surface tension causes the 
bubble to break. 

Q. 9. And what is necessary in order to practically 
produce a bubble? 

A. You imreet have in there a third substance which 
will give a surface film which is more viscous than the 
mass of the liquid. It may be done then either by con- 
centrating at the surface, which is the usual case, or in 
special cases by the third substance concentrating in 
the mass of the liquid, leaving the surface film more 
dilute. 

Q. 10. What substances will concentrate in this way 
in a surface film? 

A. All substances which lower the surface tension 
of the liquid will concentrate in the surface of the 
liquid, alcohol and acetic acid, to take two cases, and 
also any substance which is adsorbed strongly by air. 

QO. 11. What effects do alcohol and acetic acid have 
on the surface tension of water? 

A. Both alcohol and acetic acid lower the surface 
tension of water, and they lower that in all concentra- 
tion. That is, if you add a little-alcohol to water it 
lowers the surface tension, and as you go on adding 
more you get the surface tension lower more and more 
all the way down until you get to pure alcohol. In 
other words there is no point at which there is either 
a maximum or a minimum surface tension for any 
mixture of alcohol and water. The same thing applies 
for acetic acid and water. That is, we change the— 
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that 1s, with changing concentration the surface tension 
varies continually from the surface tension of pure 
water to the surface tension of pure alcohol or pure 
acetic acid, as the case may be. 

Q. 12. And what effect does alcohol and acetic acid 
have on the viscosity of water? 

A. The addition of acetic acid increases the vis- 
cosity in all particulars with the changing condition of 
the acid, from the viscosity of pure water, which is less 
than that of acetic acid, to the viscosity or acetic acid 
which is greater than that of pure water. Alcohol, 
however—and by that I mean ethyl-alcohol—behaves 
quite differently. The first addition of alcohol in- 
creases the viscosity of the liquid and further additions 
increase the viscosity up to a pint—I do not know the 
exact figure, but approximately 47% alcohol. From 
that on, the addition of alcohol decreases the viscosity 
until you get down to the viscosity of pure alcohol. In 
other words, a concentration which is somewhere about 
47 per cent of alcohol, you have a maximum of vis- 
cosity and that goes down on the one side to the vis- 
cosity of pure water and down on the other side to the 
viscosity of pure alcohol, so ‘that it 1s an entirely difer- 
ent question as regards viscosity from the case of acetic 
acid; whereas, in regard to the surface tension effect 
the substances behave exactly alike. 

QO. 13. What is the effect of the maximum viscosity 
in aqueous alcohol? 

A.: It has a very marked effect on the question of 
foaming. Jt is usually stated that aqueous alcohol solu- 
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tions foam, but that is not correct, except within a cer- 
tain limit of concentrations. Since the alcohol reduces 
the surface tension at all concentrations, it will always 
form an alcohol rich film in all aqueous alcohol solu- 
tions; on the other hand with concentrations with prob- 
ably from a trace of alcohol up to 47% alcohol, the 
alcohol rich film will be more viscous than the mass of 
the liquid, and consequently we shall have conditions 
of foaming so that if we beat up any aqueous solution 
from a trace of alcohol up to 47% alcohol or there- 
abouts—I don’t guarantee the absolute accuracy of the 
figures—the mixture will foam. If, on the other hand, 
you take a point beyond the maximum viscosity, from 
47% down to practically pure alcohol, those mixtures 
will not foam. \Vhereas, ‘in the case of acetic acid: 
where there is no maximum viscosity, all solutions of 
acetic acid from the very dilute ones up to those which 
are nearly pure acetic acid, will foam. 

Q.14. Can you show this by an experiment ? 

A. We have an experiment which will show that, 
and before I do that I would like to say one thing, that 
iieall the experiments that I shall show, I shall of 
course give the weights which are used in each case, 
but the absolute values are of no importance whatso- 
ever, because you will get exactly the same phenomenon 
over quite a range of concentration; for instance, in 
this experiment with alcohol, we are going to use 95% 
alcohol, because that is the form in which we buy it; 
but we would get exactly the same thing if we started 
with 99.5% alcohol and ran down to 50% alcohol; you 
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can vary that proportion say 49% without affecting in 
any way the character of the result. 

In some of the other experiments the range will not 
be so large, but the absolute values are of no import- 
ance whatsoever. 

(Test No. 13.) 

We have here a square glass jar, into which is poured 
about a quart of so-called absolute alcohol, which means 
as a matter of fact approximately 95% alcohol; it con- 
tains somewhere in the neighborhood of 95% alcohol 
and 5% water. We shall then beat that up with—beat 
that up in this square glass jar and, if luck is with us, 
you will see that it does not foam much. The time of 
the beating is quite immaterial, so, in order to save 
time we will only beat it for thirty seconds, but if any- 
body wants it beaten longer we will beat it as long as 
anvbody wants it done. We will have to wait a moment 
until the machine is started upstairs so we will have a 
current. While we are waiting I will also add that un- 
less otherwise stated the rate of the stirring is always 
about 1,700 revolutions per minute. Now, I do not 
guarantee the absolute accuracy of that. 

©. 15. MR. SHERIDAN: Professor, do you know 
what the diameter of the plates are? 

A. I have those here. The rectangular glass jar is 
approximately four inches by four inches by twelve 
inches high. We are using a four-bladed propeller, with 
blades approximately an inch and a half to the centers. 
and half an inch wide. The diameter of the pronpellor 
shaft is approximately half an inch, and the machine 1s 
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driven by a quarter horse power motor. The machine 
being started, the belt slips off, but you will notice that 
it is not frothing. That is not important, because the 
thing had not got up speed. (Machine started.) You 
notice it is being started up vigorously. I push the 
switch and there is not anything that even could be 
called a temporary froth. The bubbles arise, and disap- 
pear at once. 

(Test No. 14.) 

We will now repeat this experiment, starting with 
1500 c. of tap water and add about 10 c.c. of the same 
alcohol, and stir it up about the same length of time. 

meio. BY THE COURT: This is to illustrate 
what? 

A. This is to illustrate that in cases where we have 
a lowering of the surface tension, we may have either 
foaming or not foaming, depending on whether the 
surface film formed is more viscous or less viscous than 
the mass of the solution; in other words what I am try-- 
ing to prove is that the important thing is to form a 
more viscous film at the surface. In the case of the al- 
cohqol beyond the concentration of 47% alcohol, the 
surface layer is less viscous than the mass of the liquid, 
and consequently the liquid does not foam. For con- 
centrations of alcohol up to about 47%, the surface 
layer is more viscous than the mass of the liquid and 
consequently the thing does foam. Of course that does 
not give a permanent foam. We will pour out about 
10 c.c. alcohol—as a matter of fact it is ten and a half 
—and we will add that to 1500 c.c. of tap water, and 
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we will stir this as before, about 30 seconds, unless 
somebody wants it stirred longer. (Starting machine.) 
Votrcamesee the difference ingtie look of thingssale 
ready. (Stopping machine.) And you see the condi- 
tion—you see the difference in the behavior—you can 
see an inch or so of froth there, which of course is 
not permanent, but quickly dies down, but it is strik- 
ingly different from the other. 

As far as I know, this experiment with a high con- 
centration of alcohol has never been shown before to 
any audience. It was devised by my colleague, Prof. 
‘Briggs. If there is no further question we might leave 
this and go on. 

QO. 17. Will you state whether salt solution$ ever 
froth, and why? 

A. A number of salt solutions will froth; for in- 
stance a 5% potassium chloride solution will froth, and 
Mr. Dosenbach showed in court the other day that a 
concentrated sodium chloride solution will also froth. 
This is interesting, because these salts all raise the 
surface tension of the solution, and therefore concen- 
trate in the mass of the solution, leaving a water rich 
flm or a salt poor film at the surface, and consequent- 
ly one would normally expect these not to froth. Asa 
matter of fact, however, potassium chloride, to take 
that instance, lowers the viscosity of the water, and 
consequently the water rich film is more viscous than 
the salt rich mass of the liquid and consequently we 
have a case precisely analogous to this one of the dilute 
alcohol solution, so that the behaviour of potassium 
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chloride solution is accounted for in exactly the same 
way as we accounted for the behaviour of the alcohol 
poor solution. 

QO. 18. Will you state why these froths that you 
have been discussing and have shown in the experi- 
ment are evanescent and die out? 

A. The surface film is more viscous than the mass 
of the liquid, but the absolute viscosity is very low, and 
consequently these froths are evanescent, and as [| 
showed in the case of the dilute alcohol solution, there 
is a very vigorous frothing, but it does not last at all. 

Q. 19. What happens in the case of colloidal solu- 
tion? 

A. If we have a colloidal solution, such as soap or 
saponin, for instance, the surface film is very much | 
more viscous than in the other causes, and consequent- 
ly the froth is relatively stable. I imagine that every- 
body has seen soap bubbles. The foaming of beer is 
due to the colloidal proteins, and anybody who has ever 
poured beer into a glass knows that you get a foam 
which can be blown off. In the case of champagne [ 
don’t know whether there are any colloidal proteins, 
but certainly the content is low, and one gets under 
those conditions a bubbling which gives rise to a very 
evanescent foam. 

QO. 20. What happens when one adds oil to water? 

A. If we add enough oil we get a second liquid lay- 
er, just as in these cases which we saw yesterday; we 
have a layer of kerosene as a second liquid layer on 
top of the water. If the oil is more dense than the 
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water we would get the second liquid layer with the 
oil at the bottom and the water at the top. 

Q. 21. What classes of oils do you distinguish? 

A. Why, I think it is profitable to distinguish be- 
tween oils which are practically insoluble in water and 
oils which are more or less soluble in water. Of course 
there is no sharp dividing line, but that does not pre- 
vent a classification being useful. For instance, it cer- 
tainly is a good policy in every-day life to distinguish 
between animals and vegetables, and yet there are or- 
ganisms which it is very difficult indeed to place under 
that classification, because the two do merge gradually 
one into the other, although, for every-day life, most of 
us can tell the wild flowers from the birds. ; 

Q. 22. How is it that a practically insoluble oil 
forms a foam? 

A. When you add a practically insoluble oil to water 
it is usually adsorbed by the water and spreads out as 
a thin film. That thin film gives you largely increased — 
viscosity as was shown the other day, and since this is 
a surface film which has more viscosity than the mass 
of the liquid, you will get foaming, as has been shown 
in the case of the dilute alcohol solutions and the 5% 
potassium chloride solution. 

Q. 23. What would be the effect of adding too much 
oil? . 
A. If you add too much oil—that is if you add a 
small amount of oil it spreads out and gives you a very 
thin film over the surface of the water; if you add a 
little more oil—oleic acid, for instance, it draws away 
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from the oiled film of the water and gives you a globule 
or drop of oleic acid standing up there; depending on 
how you do it; you may get one drop or you may get 
several drops. , 

Q. 24. What are non-frothing oils? 

A. The very insoluble oils are often called non- 
frothing oils, but I think it would be better, perhaps, ° 
to put it around the other way, that non-frothing oiis 
are always insoluble oils; kerosene, for instance. 

Q. 25. Isa practically insoluble oil necessarily a non- 
frothing oil? 

A. No, I think not, because you might have a case 
where the oil adsorbed air very markedly, in which case 
it probably would give a good froth in spite of the fact 
that it was a practically insoluble oil. 

Q. 26. What happens with moderatelyssasoluble oils? 

A. With moderately soluble oils you get two effects ; 
assuming that you add enough so that you get your sec- 
ond liquid layer—you get first the effect due to the sec- 
ond liquid layer, which is the same in nature as the 
effect of insoluble oil; you will also get a much 
ereater effect 


at least J] think it is much greater— 
due to the dissolved portion of the oi, which will- 
give you much more froth. 

QO. 27. What are frothing oils? 

A. Frothing oils as usually defined are oils which 
are either partly soluble in water or which contain 
a soluble or partly soluble constituent, and which 
stow more or less selective aXsorption for minerals. 
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Q. 28. What is the relation between a frothing oil 
and a non-frothing oil? 

A. They pass continuously one into the other; you 
might have different oils—hypothetical ones—which 
are soluble say, 10% in water, 1% in water, 1/10 


of 1% in water, 1/100 of 1% in water, and, 


1/1000 of 1% in water. Certainly the one that was 
soluble only to the extent of 1/1000 of 1% in water 
would be classed as an insoluble oil. Equally cer- 
tainly the one that was soluble 10% in water would 
be classed as a frothing oil. Where you would draw 
the line in the other cases is perhaps a matter of 
personal preference. 

Q. 29. Would you name a few instances of what 
would be classified as frothing oils? 

A. Pine oil and eucalyptus oil can be taken as 
two instances of frothing oils. 

©. 30. What is the relation between a frothing 
oil and soluble frothing agents? 

A. They pass continuously one into the other. 
[f the frothing oil increases sufficiently in solubility, 
er if you take so little of the frothing oil. that it is 
completely dissolved, it then becomes identical prac- 
tically with the soluble frothing agents. 

Q. 31. What are soluble frothing agents? | 

A. Soluble frothing agents are substances which 
give rise to a more viscous film; that is to say, im 
order to be a frothing agent they have to do that. 
They may be substances like alcohol and acetic acid 
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that are miscible in water in all proportions under 
the conditions of the experiment. They may be sub- 
stances like amyl acetate, phenol, aromatic hydroxy 
compounds, which are only partially miscible in water. 
or they may be substances like salt, which has a 
definite solubility in water, and then precipitates in a 
solid form. 

QO. 32. Is saponin a soluble frothing agent? 

A. Saponin might be called a soluble frothing agent, 
except for the fact that it plays havoc with flotation 
and consequently is usually excluded from it. I no- 
ticed that yesterday Mr. Williams elected to call these 
things mineral frothing agents, meaning thereby that 
these frothing agents showed a greater or lesser selec- 
tive Me orotion for mineral with respect to gangue. 
There is absolutely no objection to that definition as 
long as one understands what it means; on the other 
hand, it is a little better, [ think, to say soluble froth- 
ing agents, and to note that we are not counting in 
saponin and things of that type. 

QO. 33. Is there any sharp dividing line between 
non-frothing oils and frothing oils? and soluble froth- 


nay 2cante 2 
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On the other hand it is a very useful classification for 
the purposes of discussion. 
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Q. 34. How would you classify phenol? 

A. Phenol is a good illustration, because it has 
been classified in two different ways. Dr. Adolf Lieb- 
mann said that when you add a small amount of 
phenol so that it is all dissolved in the water, it is 
a soluble frothing agent; but if you add an excess 
of phenol, it is an oil, and therefore, of course, would 
come under the head of partially soluble oils. That 
is perfectiy legitimate as far'as | can see, provided 
you choose to define things this way, and shows 
that there is no arbitrary dividing line between a 
soluble frothing agent and a partially soluble oil: 
because in this particular case it has been classified, 
at any rate, as one or the other, depending on (He 
relative amounts of phenol to water. 

Q. 35. Are these general relations true of other 
fiquids than water? 

A. The whole discussion has really been general: 
{ have used the word “water” because it is more con- 
venient than to talk about liquid A and liquid B; 
but the relations are true of any liquid where you 
have formed a more viscous surface fila; as a mat- 
ier of fact the crude vegetable oils, to take a single 
instance, do froth when shaken. I have never tried 
that in the square jar machine, but T imagine 1 
would be a gorgeous experiment. 

Q. 36. Do they froth more readily than the refined 
ails ? 

A. The crude vegetable oils froth distinctly more 
than the refined oils, because they contain more colloidal 
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material, which has been removed to a greater or lesser 
extent by refining; and as a matter of fact Baskerville 
points out that this frothing may be used as a qualita- 
tive test to show something in regard to the degree of 
refining. 

Q. 37. Is the frothing of the oil important in the 
flotation process? 

A. | think not. As far as | know, it is not; it does 
not come in anywhere, because under ordinary condi- 
tions the amount of oil used is relatively small in com. 
parison to the amount of water. 

QO. 38. What kind of bubbles does one get in the case 
of froths with oils or soluble frothing agents? 

A. You get under all conditions a froth which is 
either an oil Jayer or an oil rich solution next to the air. 
In making that statement [ am using the word oil in its 
broadest sense, to include soluble frothing agents. 

e539. How cana froth be mace more stable? 

fe oitice the instability of the froth is due to the 
low viscosity of the cell walls, it can be made more stable 
by adding something or other which will increase the 
viscosity of the cell walls, or of the films constituting 
the cell walls. 

O. 40. What would be the effect of adding a viscous 
non-frothing oil? 

A. Jf one adds a viscous non-frothing oil in suit- 
able amounts, one may easily stabilize the froth. As a 
matter of fact that can be done witli the so-called oil 
mixture of the Butte & Superior Company. 
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That oil consists of 70% fuel oil, which is a vis- 
cous oil, 12% kerosene and 18% pine oil, which is a 
irothing oil. J made one experiment in which 4.5 gms. 
of this oil was added to 1500 c.c. tap water at about 
25°. There was also added one cubic centimeter con- 
centrated sulphuric acid. The resulting mixture was 
stirred for thirty to ninety seconds, in different experi- 
ments, at about 1700 revoiutions per minute in the 
square jar machine that you see there. And a fairly 
permanent froth was obtained about three-quarters oj 
an inch thick. 

QO. 41. Can you stabilize a froth in any other way? 

A. A much more amusing way of stabilizing a froth 
is by adding a solid to it. 

Q. 42. What solids will stabilize the froth? 

A. Any solid which is adsorbed by the oil layer, by 
the oil-water interface, or by the oil-rich film, will sta- 
bilize a froth more or less completely. 

( AX What is the effect of Iveanodiim nowder with 
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and lycopodium powder give no permanent froth and 
that the lycopodium powder becomes distributed 
throughout the mass of the water coloring it yellow. If, 
however, you take 1500 c.c. tap water, 1 c.c. pine oil, 
and 8.3 gms. lycopodium, put in the square jar machine 
and stir for about thirty seconds you get a solid, yellow, 
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very dry, permanent froth about 1.5 inches thick. The 
water is slightly cloudy, but not much so. In other 
words, pretty nearly all the lycopodium powder has gone 
up into the froth. 

Q. 44. Will you show us that experiment? 

A. In order that you may see that you get no per- 
manent froth with the lycopodium powder we will put 
the lycopodium powder into the water and beat that for 
thirty s@donds first. I take it that all of you know that 
pine oi] does not give any permanent froth with water. 
(Test No. 15.) You see that there is no permanent 
froth and that the mass of the liquid is cloudy and col- 
ored yellow. Now, we will add about 1 c.c. of pine oil 
and stir again. (Test No. 16.) You see that we get a 
relatively thick froth and that the mass of the liquid 1s 
no longer colored yellow and is only faintly cloudy. 
Practically all the lycopodium powder has gone up into 
the froth. I may state also that this experiment has 
never been shown before to an audience, so far as ] 
know. 

Q. 45. What is lycopodium powder? 

A. Lycopodium powder is the spore of something or. 
other, of either a moss or a fern, I don’t know which. | 
think it is a fern. 

©. 46. Vegetable matter? 

A. Oh, yes, it is vegetable matter, organic matter. It 
is a seed. I so understand. 

Q. 47. What is the effect of white lead? 

A. We tried an experiment with white lead, which is 
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basic lead carbonate and when water and white lead 
are stirred together there is no permanent foam. The 
white lead is distributed all through the mass of the 
liquid, and makes it a very opaque white. When, how- 
ever we take 1500 c.c. tap water at about 25°, 48 gms. 
of white lead and 1 c.c. of pine oil and stir the mixture 
for half a minute or more we get a stiff froth. 
makes no difference whether the pine oil be added to 
the water before the white lead or afterwards. - That is, 
the order of mixing is immaterial. A great deal of the 
white lead is not carried up by the oil and the water 
consequently remains opaque and milky. In the case of 
the lycopodium powder practically all of the lycopodiuin 
»nowder was carried up by the oil. That was not the 
case with the white lead experiment. 

QO. 48. Can't you perform the white lead experiment 7 

A. I think so. I hope so. (Experiment No. 17.) 
You see that there is no permanent froth and the white 
lead is dispersed apparently uniformly through the mass 
of the liquid. We will add 1 c.c. approximately of pine 
oil. (Experunent 18.) That ran about thirty-five sec- 
onds. You see that we get a very pretty, thick froth, 
and that the solution now is not entirely clear. J may 
say also that so far as I know this is the first time that 
this experiment has been shown to any audience. | 
should like also to add one statement in regard to the 
previous experiment with lycopodium powder. Mr. 
Williams has just told me that Mr. [liggins has done 


that experiment before. As Mr. Higgins had not told 
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ine about that, of course I made the statement that I did 
not know that it had ever been done before. If I had 
known that Mr. Higgins had done it 1 would not have 
bothered to carry the thing through myself. 

Q. 49. Will white lead stabilize the alcohol foam? 

A. In experiments that we have made we get no 
stabilization. When you stir a dilute solution of alcohol 
and water as was shown in the second experiment you 
get a frothing which is not permanent. When you add 
white lead and stir, the frothing is also not permanent, 
although it looks as though the alcohol froth did not 
break down quite so rapidly. To make sure of that one 
would have to follow it carefully with a stop watch 
which I have not done because I don’t care anything 
about it. The trouble seems to be that the white lead is 
not adsorbed by the alcohol and consequently does not 
get into the film. Of course if it doesn’t get into the 
film it can’t act as a stabilizer, by definition. 

Q. 50. And what is the effect of alcohol and kero- 
sene with white lead? 

A. We ran the whole set. Alcohol and white lead 
and water give no permanent froth because the white 
lead does not go into the alcohol film. Kerosene, white 
lead and water give no permanent froth apparently be- 
cause kerosene is a non-frothing oil. In order to be 
sure that there was no mistake anywhere we tried a 
mixture of alcohol, kerosene and water. That gives no 
permanent froth. In other words we have tried our 
three combinations. Then we tried a mixture of alco- 
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hol, kerosene, water and white lead. We took 1500 
cc. of water and 4 c.c. of kerosene, 10 c.c. of 95% alco- 
hol, and 20 gms. of white lead. These were stirred for 


a minute or two and a good stiff froth was obtained. 


The water was still milky because the white lead does 
not go up completely into the films. 

©y>l Can you show us that expemment: 

A. Yes, sir. (Experiment #19.) We have shown 
vou that alcohoi and water give a froth which is not 
permanent. We do not need to show you that kerosene 
and water do not, because kerosene, by definition, by 
general acceptance is a non-frothing oil. We will now 
show you that a mixture of kerosene, alcohol and water 
as stated does not give a permanent froth. You get an 
evanescent froth. It is practically all gone except a few 
stray bubbles already. 

THE WITNESS: We will now add white lead, 
-( Test No. 20) 20 grams of white lead, and we will stir 
this froth approximately a minute. (Stopping machine.) 
[t is not a very striking experiment; something or other 
went wrong. 

QO. 52. BY MR. WILLIAMS: Teil what you got 
for the sake of the record. 

A. for the sake of the record [ will state that there 
is a very thin line of a froth scum at the top; nothing 
like what | hoped or expected or thought it should have 
done. We will start the motor again and see what hap- 
pens. (Running motor again.) Well, the laugh is on 
me temporarily. If it is permitted, we will show that 
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experiment again when it will work. Something has 
gone wrong, I don’t know what, but it seems to be an- 
other instance where the experiment has failed but the 
principle remains the same. 

Q. 53. THE COURT’ It is not a question of doing 
it here, is it? 

A. Oh, no; it is simply a case that when I did the 
experiment before it worked, but in many of these 
things a very slight change makes a difference. It may 

e it would have worked better 1f we had put all the 
things in at once and had stirred them. Jn the case of 
the previous experiment with the pine oil and the white 
lead, I made actual determinations, that the order of 
adding made no difference; I don’t remember whether [| 
did in this particular case, and that may’ be the difficulty 
and it may not. 

QO. 54. What are you trying to illustrate? 

A. I was merely showing another instance of the 
fact that one can stabilize by means of a solid, and that 
this is rather an. interesting case, because we had here 
a so-called non-frothing oil, kerosene, and a so-called 
frothing agent, alcohol, and that under those conditions 
we were to duplicate the ordinary practice of a froth 
stabilized by mineral, using a substance which does not 
occur in nature as a mineral; merely to show that the 
general principle was the same, that any solid which 
comes up under the circumstances into the film will 
stabilize it. The question of the success or failure of the 
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experiment is absolutely immaterial, except that one 
likes to have them go. | 
MR. SCOTT: 

Q. 55. How does lycopodium powder behave with 
kerosene and alcohol ? 

A. Lycopodium powder with kerosene and alcohol 
gives, or gave, a good stable froth. I have tried 1500 
c.c. of tap water, 10 c.c. of alcohol, 2 ¢.c. of kerosene and 
about 3 grams of lycopodium powder. After stirring 
from 30 to 90 seconds a good froth was obtained, which 
was approximately 3@ of an inch thick, and the water 
was somewhat cloudy. 

Q. 56. Will you show us that experiment, Profes- 
sor? 

A. No, [ think not, thank you. 

QO. 57. Can you stabilize alcohol froth with lyco- 
podium; were you speaking of lycopodium and alcohol? 

A. I am not ready to show that; it is not the one 


that | want to show. After that we went back and - 


tried to see if we could stabilize alcohol froth with 
lycopodium powder, and it worked fairly well; that is, 
we took 1500 ¢.c. of tap water, 20 cc. of aleoholsand 


anywhere from 8 to 12 grams of Ivcopodium: they were - 
S > oA 5) 


stirred for about a minute, and we obtained a pasty 
froth about half an inch thick. The interesting thing 
has been- —so 


about this experiment—when it works 
far it worked every time, but ] don’t guarantee any- 
has been that the whole of the lyco- 


thing in future 
podium powder goes wp into the froth, and the water be- 
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low is absolutely clear and colorless. It is not a tre- 
mendously successful experiment as regards the getting 
of a permanent froth, because the alcohol evaporates 
readily from the bubbles, and consequently the froth 
breaks down in the course of time. [| shall be very 
happy to show you that experiment; that is the one that 
I think you asked for. 


Whereupon an adjournment was had until 2:00 
o'clock p. m. Friday, April 27th, 1917. 


Friday, April 27th, 1917, 2:00 P. M. 
Pee vMR. SCOTT: 


Q. 58. Mr. Bancroft, do you wish to repeat the ex- 
periment illustrating the effect of white lead upon alco- 
hol and kerosene in the water? [ think it was given 
#20. 

A. (Repeating test #20.) You see we have a thick. 
stable froth about an inch thick, and the water is still 
cloudy below it. The trouble with the previous experi- 
ment apparently was that we added too little white lead 
and too much of it stayed down in the water to enable 
us to stabilize the froth satisfactorily. We ran the 
thing after the close of court by simply adding more 
white lead to the thing that had failed and it worked. 
In this particular one, as a matter of fact, I have 
changed the proportions as given before so as to play 
safe, and J will read what this experiment actually was. 
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1500 ¢.c. tap water at 25°- 10 c.c. 95% alcohol; 6 cme 
kerosene; and 48 gems. white lead. It is a little more 
kerosene, half as much again and more than double as 
much white lead. While I was a student in Germany | 
used to go to the opera and the first performance that 
vas given they advertised it in large letters as “First 
Performance.” For the second time they advertised 
“First Performance Repeated.” And, consequently 
then, this is the first time that this experiment has been 
shown to an audience with failure and also the first 
tune it has been shown with success. 

©. 59. You stated just before recess, Professor Ban- 
croft, that you could stabilize an alcohol froth with lyco- 
podium. Will you show us that experiment? 

A. Yes, I will show that also. 

©. 60. Before you do that I would like to ask you a 
question about this one you just performed and that is 
why this mixture stabilizes, having the white lead in it, 
when kerosene hor alcohol alone will form a stable 
froth? 

A. Well, kerosene is a non-frothing oil, so-called, 
which means simply that it does not froth readily. It, 
however, does hold or carry the white lead, the alcohol 
will froth, but apparently has no carrying power for 
white lead. By mixing the two, we get the good prop- 
erties of both. The reason for putting on this experi- 
ment was merely to show that we are getting with a 
mixture, and in technical practice J understand that they 
do use mixtures a great deal, we are getting a stabiliza- 
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tion without using any of the regular minerals. There 
is one thing that it perhaps might be worth while to say 
about the kerosene, and that is that kerosene would be 
classed essentially as a non-frothing oil. That does not 
mean that it does not froth at all, but that the froth is 
very instable and breaks down very readily, but of 
course if you had a substance there which was adsorbed 
very much by the kerosene, as you may have with sev- 
eral minerals, then under this condition you could build 
up a froth. I do not mean to say that in any way you 
could not build a permanent froth with kerosene if you 
had a suitable solid, because as a matter fact people 
have done it. 

The other question was the one about the alcohol and 
the lycopodium ? 

Q. 61. Experiment showing the stabilization of an. 
alcohol froth with lycopodium. , 

THE COURT: I suppose we can assume that all of 
these experiments are to serve some useful purpose? 

meee sCOll: The experiments are to show the real 
facts of the frothing, that is to what the stabilization of 
a froth is due, and J think Professor Bancroft will sum 
up after a few answers the exact conclusions for which 
these experiments are the foundation. 

A. In the experiment in the stabiliaztion of alcohol 
froth by lycopodium powder we use 1500 c.c. tap water 
at about 25°; 10 c.c. 95% alcohol, and about 12% gms. 
of lycopodium. And if it works well we ought to get a 
pasty froth and as J said the solution, the liquid below, 
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should be almost absolutely clear. We have 1500 cc. of 
water now in there and we will add the lycopodium 
powder and the alcohol. 

(ecto: 21) 

THE WITNESS: You can see that that one works 
as per schedule. 

Q. 62. Can you stabilize an acetic acid froth? 

A. Yes, acetic acid has been stabilized by mineral at 
one time by Mr. Dosenbach, and we can stabilize it, 
using an entirely different substance than has been 
used before, by putting in lamp black. 

Q. 63. Have you an experiment to illustrate that? 

A. Yes, we have an experiment to illustrate that. 

O. 64. We will have you perform that one, then. 

(Test No. 22) 

A. A preliminary run was made with water and lamp 
black, to be sure that we did not get froth with lamp 
black alone, so we took 1500 c.c. of tap water and 1 
gram of lamp black and stirred them in the machine 
and we got no froth. The lamp black seems to be dis- 
tributed uniformly throughout the liquid, except that 
there are a few patches of thin skin on the surface of 
the liquid. J imagine that the lamp black is not abso- 
lutely pure, as lamp black never is; but so long as one 
does not get a froth with it, it makes no difference in 
the principle of the experiment. Then T added acetic 
acid, 10 c.c. of 99% acetic acid— 

(West No. 23) 

99% acetic acid is the form in which it is bought 


Butte & Superior Mining Company. 316} 
Prof. Wilder D. Bancroft. 


from the druggist—and you get a stable, coarse froth, 
and the acetic acid does not take up all the lamp black, 
and consequently the body of the liquid remains black. 

We have now the water and the lamp black alone. 
(Running motor.) You see you get a few bubbles 
which die down at once, and you sce the whole mass of 
the liquid is black. Of course one might have known 
that it would be, because India ink is made of suitably 
prepared lamp black, and that dissolves in water. Now 
we will add 10 c.c. of 99% acetic acid and stir again. 
(Running motor.) It has been stirred for 60 seconds. 
We get, under those circumstances, a very small amount 
of froth; we ought to have got more, but we didn’t. We, 
will stir it again. (Running motor.) It looks’ as 
though Hke there probably were not quite enough lamp 
black init. Not quite enough lamp black and it does not 
work well, would seem to be the record for that experi- 
ment. 

0.65. MR. WILLIAMS: Won't you state for the 
record what you see there. 

fe Oh, certainly. The result of the experiment is 
not a success. There are only a few bubbles which are 
distinctly not permanent. We are running in rather 
hard luck. 

0. 66. MR. SCOTT: Would more lamp black make 
it better? 
PA. Unquestionably. 

QO. 67. Would it be worth while to repeat it? 

A. If it were for the sake of the experiment I would 
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put in more lamp black and run it; but that is for you 
to say. If we put in more lamp black it will stabilize it, 
that is certain. 

QO. 68. Suppose you do that and see the effect of add- 
ing more. How much did you put in before? 

A. Well, another gram ought to do it without any 
trouble; it looks as though it ought to have done it 
unere. 

(Test No. 24, adding more lamp black.) 

Now, adding one more gram of lamp black, making 
a total of two grams, and you get a fairly deep froth 
made of relatively large, coarse bubbles. 

©. 69. The froth is about how deep would you say, 
two inches, or three? 

A. Itis an inch and a half, J should judge, on an es- 
timate. Jf anybody has a rule we can tell more closely. 

MR. WILLIAMS: I havea rule. 

A. I will let you measure it; any measurement you 
take is satisfactory. 

MR. WILLIAMS: Soniething a little less than two 
inches. 

A. ‘That is more than I should have given it myself. 

QO. 70. BY MR. WILLIAMS: In speaking of @ 
as a coarse froth, as I look at, the bubbles seem to be an 
inch or so across, many of them. 

A. At the top, the upper bubbles are very large, and 
the lower bubbles are smaller. 

Q. 71. MR. SCOTT: What effect does lycopodium 
have on an acetic acid froth? 


’ 
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A. Lycopodium does not stabilize it, whereas lyco- 
podium will stabilize two of the others that we have 
tried. It has no effect or practically no effect on acetic 
acid, showing that it is a question of selective adsorp- 
tion, and not of any one substance being necessary to 
stabilize it. 

Q. 72. Can you show that easily? 

A. Yes, I can show that. 

(Test No. 25) 

A. In this experiment we put in 1500 c.c. of tap 
water at about 25°, 10 c.c. of 95% acetic acid, and about 
8 grams of lycopodium powder, and stir for 60 seconds. 

A. The foam dies down fairly rapidly, the last part 
of course going more slowly and leaves just a mere line 
of lycopodium powder along the top, and nothing in the 
way of a deep or stable froth. 

QO. 73. What effect does white lead have on phenol 
froth? 

A. We tried phenol with white lead. I can give you 
the actual figures. When we took 1500 c.c. of tap 
water, 2144 grms. of phenol, 10 grms. of white lead, 
there was no sign of any stabilization and consequently 
we did not go on and add more white lead because the 
bubbles showed absoftyely no signs of being coated and 
it seemed perfectly hopeless. 

QO. 74. Can you stabilize the phenol froth without 
using mineral ? 

A. Yes, you can do it by adding lamp black. In the 
experiment as I carried it out at first we took 1500 c.c. 
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of tap water at about 25° and 2% gms. of solid phenol 
and added 1 gm. of lamp black and stirred and it gave 
us a very coarse froth. In view of the way in which the 
lamp black acted the last time J] have had another 
gramme weighed out and so we add at first one and 
will add another one if necessary. (Experiment #26.) 
About 60 seconds. We get a smal]J amount, a quarter of 
an inch perhaps of a coarse black froth. J can get more 
by adding another gram of lamp black if desired, but it 
merely takes up time, hardly worth while. 

Q. 75. You might, as you have the mixture here, add 
another gram? 

A. (Repeating experiment #26 with the addition of 
one gram of lamp black.) About sixty seconds. That 
eives 1% to 2 inches of a coarse black foam. 

Q. 76. Now, do these experiments show the gencral 
theory of frothing to hold good? 

A. I think they do. [ think they show that the gen- 
eral theory as outlined holds in every detail and enables 
us to predict what will happen in case of the addition of 
these stabilizing agents, and that this theory holds for 
any liquid or any combination of liquid. 

Q. 77. What is the state of things in the cell wall of 
these froths ° 

A. The cell walls therefore have a layer of oil or oil- 
rich solution next to the air in all cases, and the cell 
walls are stabilized by the presence of the adsorbed solid 
material. 

Q. 78. Is there any relation between oil and the total 


solids in these experiments ? 
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A. In some of them there was absolutely none be- 
cause in the experiments where there are no solids in at 
all of course you cannot speak about the relation of oil 
or soluble frothing agents to total solids, because it is 
ineaningless. It could be figured out as a million, ten 
million or one thousand million per cent, just exactly as 
one would wish to do it. 

QO. 79. Is the nature of the froth always the saine 
when no solids are present? 

A. The nature of the froth is always the same when 
no solids are present and consequently of course there 
cannot be any critical point under these circumstances 
and so far as I know nobody has ever claimed the exist- 
ence of a critical point when one had oil and water 
alone. J use “oil” of course in the broad sense. 

Q. 80. What is the efect of a solid? 

A. The effect of a solid is to stabilize the froth by 
making the cell walls more viscous. 

QO. 81. And that was the’effect of the solids you used 
in this experiment ? 

A. Yes, that is the effect of the solids used in this 
experiment, and as a matter of fact we have used in 
there lycopodium powder, white lead, lamp black, and of 
course everybody else has done it with mineral, showing 
that the nature of the solid is absolutely immaterial ex- 
cept in so far as it determines whether it goes into the 
film or not. But once you get a solid into the film then 
it increases the viscosity and makes the thing stable. 

QO. 82. Was the effect of these different solids known 
before? 
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A. I had supposed that it was not. I did not know 
until today that anybody had ever tried lycopodium pow- 
der as a stabilizing agent for froth. I know of no rec- 
ord of it in the literature and J did not know of any- 
body except this case of Mr. Higgins which he did not 
report to me, naturally—of anybody stabilizing a froth 
with lycopodium powder or with white lead. The lamp 
black I imagine has been used. 

Q. 83. Do you consider that these experiments prove 
the correctness of the theory? 

A. Why, it is usually accepted as a very satisfactory 
test of the theory that it enables you to predict results 
which have not been obtained before. That does not 
mean that you might not predict results which you can- 
not perform by means of a theory that is not right, but 
you can’t keep it up long without getting caught. 

QO. 84. What is your conclusion in regard to the type 
of froths? 

A. That since the action of the solid is simply to 
stabilize the film by incresaing its viscosity, there 
ig therefore no change im the type of froth duewts 
the addition of solid and consequently we have the 
same type of frothing process that we have when 
we have oil and water alone; in other words, a 
froth with an oil layer or an oil-rich solution next to the 
air. Always, as I said, using “oil” in the broad sense 
to include the soluble frothing agents. 

©. 85. Are these froths of the same type reeardless 
of the ratio of oil to stabilizing solid? 
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A. They are absolutely. 

Q. 86. What ratio of oil to the stabilizing solids have 
you obtained in these experiments that you have per- 
formed ? 

A. Taking these data that [ have one can calculate 
out a number of results. That is, where a stabilizing 
solid was used without any gangue, good results were 
obtained with 1 c.c. of pine oil, specific gravity about 
.93-and 8.3 gms. of lycopodium powder. ‘That is the ex- 
periment that was shown. That is a percentage of oil 
to solid of about 11%, in round numbers. Then, in the 
case of the white lead and the pine oil we had 4 c.c. of 
pine oil and 48 gms. of white lead, a percentage of oil 
to solid of nearly 8% in round numbers. Then in the 
experiment with the alcohol, kerosene and white lead, 
the one that worked, we had 10 c.c. 95% alcohol, 6 c.c. 
kerosene and 48 gms. white lead, a percentage of kero- 
sene and alcohol to white lead of over 25% in round 
numbers. In the case of acetic acid and lamp black we 
had 10 c.c. of 99% acetic acid and 1 gm. of lamp black. 
That would be a percentage of acetic acid to lamp black 
of one thousand, in case you take the acetic acid as hav- 
ing the same specific gravity as water. As a matter of 
fact I think it is slightly denser, which would run the 
ratio of oil, meaning acetic acid, to total solid up to 
something over one thousand per cent; but I don’t see 
any advantage in calculating that any more closely. 

Q. 87. What conclusion do you draw from these ex- 
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periments in regard to the froths made in the presence 
or mineral? 

A. Why, that since the froth 1s stabilized by the min- 
eral in exactly the same way that it is by the lycopodi- 
um or the white lead or the lamp black, that the froths 
which one gets when working with ore are exactly the 
same type as the froths that we have made here with 
white lead and lycopodium and lamp black, and we could 
have gone on and increased that number indefinitely, if 
there had been any need of it—consequently | cannot see 
hhow there can possibly be any critical point at a ratio 
of .3% oil to ore or thereabouts; I cannot see that we 
have any possibility of a so-called critical] point in there 
anywhere. 

Q. 88. Can you illustrate that by experiment, the ab- 
sence of any critical point? 

A. Yes; we have three experiments which ] will now 
show, and which are the last three, where we will take 
different amounts of oil to ore. The froths made with 
anywhere from one-tenth of one per cent, of o1l upwards 
—. They look exactly like, they behave exactly alike in 
mill practice and they are theoretically exactly alike. 
We will show three, one carrying in round numbers .3% 
of oil, one in round numbers 1%, and one somewhat 
higher, and I hope that they will all look very mucn 
atike; they certainly do when we ran them in advanc:. 

(iestyNo: 27) 

The conditions of the first experiment are, 1500 c.c. 


tap water at about 30°; one c.c. concentrated sulphuric 
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acid; 300: grams Butte & Superior ore, which I am told 


contains about 17% of mineral—I am taking the ore as 
it is given—and we add to that one c.c. of oil mixture. 
I have given the composition of the oil mixture in mv 
testimony this morning, and I am told that the specific 
gravity of that is about .87, and for our purposes we 
might call it .9, or we might call it 1., without introduc- 
ing any error of any account; that is, in this first case, 
as we have one c.c. of oil mixture to 300 grams of Putte 
& Superior ore, we have got something under ore-third 
of one per cent of oil to ore, barring mistakes :n weigh- 
ing. We will stir each of these for three .ninutes at 
about 1700 revolutions per minute. This is one cc. of 
the oil mixture. | . 

Q. 89. MR. WILLIAMS: Did you figure the per- 
centage of oil to ore? ~ 

A. It is something less than one-third of 1%. It 
would be one-third if we called the specific gravity of 
the oil one; it would be a little less than that if you call 
it .87. It would be just about .29 of 1% of oil to ore. 

(Running motor.) 

Just about three minutes. 

MR. WILLIAMS: We will want a specimen of this 
froth for analysis. I suppose we can arrange to divide 
the froth as. we have in cases before? 

THE WITNESS: That is for Mr. Scott to decide. 
As far as | am concerned you are welcoie to the whole 
of it. 

MR. SCOTT: You can have samples of the ma- 
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terial, and if you wait till we are through you can have 
samples of the froth. 

Tee TENESS: 1 think we had better havesam 
three of them set up side by side. 

Q. 90. MR. SCOTT: I thought you were going to 
make all three in this one jar. 

A. Qh, dear, no; because then people might forget 
that they looked alike. This 1s .29% oil to ore. 

(Test No. 28) 

The next experiment will be exactly like this one, ex= 
cept that we will add 3 c.c. of oil mixture, instead of one 
cubic centimeter. That will give in round numbers a 
ratio of oil to ore of .87%, in case you take the specific 
gravity of the oil mixture as .87. To run it up or down 
a little will run the percentage up or down also. I have 
not determined the density of it, myself. This will also 
be run three minutes, exactly the same as the preceding 
one, the only difference in the experiment being in the 
diticrence on tleaatio of oilto ore: 

(Running motor. ) 

About three minutes. 

( Test No. 29): 

The third experiment of this series, and the last one 
to be shown today as far as I know, is the same as the 
other two, except that 5 c.c. of oil mixture are added in- 
stead of 1 c.c. in the first case and 3 c.c. in the secomm 
[f we take the specific gravity of the oil mixture at .87, 
that figures out in round numbers 1.45% of oil to ore 
(running motor). About three minutes. [ think it will 
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take an expert to see any fundamental difference be- 
tween those three froths. 

MR. WILLIAMS: Now, Mr. Scott, may we have 
specimens of each of these froths, after court has ad- 
journed ? . 

MR. SCOTT: It will only take a few minutes, your 
honor, to supply these samples, and I think we may as 
well do it now. 

MR. WILLIAMS: I would just like to call your at- 
tention also to the showering of the zinc in this last 
froth. 

MR SCOTT: You have been stirring it? 

MR. WILLIAMS: No. The showering of the 
globules of zinc, that came down, as shown there at the 
very beginning. Your honor did not see that side of it. 
It is a little plainer there than anywhere else. 

THE COURT: You mean that it has fallen down? 

MR. WILLIAMS: That the zine has fallen from 
the froth down and mixed with the gangue. 

MR. SCOTT: There is the same thing there in each 
one of these others (referring to each of the three sam- 
ples). 

THE COURT: No objection to taking these sam- 
ples now if you desire. 

MR. DOSENBACH: Iam afraid if I mix them up 
] can’t tell which is which. 

MR. SCOTT: I don’t remember how they were 
put up. 
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MR. WILLIAMS: That is perfectly clear. This is 
the last. 

THE WITNESS: If your honor please, I should 
like to correct one statement which apparently was in 
error. J understood that this Butte & Superior ore had 
‘a mineral content of about 17%. I am told now that as 
a matter of fact this particular ore runs about 12.6 min- 


eral. That makes absolutely—has absolutely no effect 
on the experiment because we are weighing out 300 
ems. of ore and the ratio as given are of oil to ore. 

MR. SHERIDAN: : 12.6 zinc. 

THE WITNESS: Aill right, we will get it straight 
somehow. I am now told that it is 12.6% zine. It has 
no bearing one way or the other except I would like to 
have it straight. 

©. 91. MR. SCOTT: Is there any reason why 
soluble frothing agent should not in itself produce sepa- 
ration? 

A. There is no theoretical reason why a soluble 
frothing agent might not be used by itself to produce 
separation; and cases of that sort are known. 

Q. 92. In which separation has been produced? 

A. Jn which separation has been produced by the use 
at the frothing agent alone. 

Q. 93. What is the objection to using soluble froth- 
ing agents alone? 

As a general thing the adsorption of the frothing 
agent by the mineral is not very marked and conse- 
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quently the flotation is not as satisfactory as one would 
like in most cases. 

©. 94. And how has the difficulty been got around? 

A. ‘The difficulty has been got around in a great 
many eases by adding a non-frothing oil, so-called, 
which is adsorbed very strongly by the mineral and 
which consequently has very marked flotation power. 

Q. 95. What about carrying oils, so-called? 

A. The non-frothing oils which are adsorbed very 
strongly by the mineral are usually termed “carrying 
oils” because they hold up the minerals. They do not in 
themselves make so much froth. . 

Q. 96. Which will be washed out of the mineral more 
readily, the carrying oil or the frothing oil. 

A. Since the carrying oil is adsorbed more strongly 
by mineral than is the frothing oil, when you use a mix- 
ture, the frothing oil will necessarily be washed out of 
the nuneral if you treat it with water more rapidly than ” 
will the carrying oil. If the frothing oil were adsorbed 
more strongly than the carrying oil there would be no 
point in adding the carrying oil. | 

QO. 97. Is this true experimentally ? 

A. J have no direct, personal knowledge on the sub- 
ject, but J am told that that is the case. I have been 
told it personally and J have read it in various places; 
but I have never made any experiment on the point my- 
self. 

Q. 98. What would be the effect of treating a froth- 
ing oil with a large quantity of water? 
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A, That would depend a little on whether the froth- 
ing oil were a pure oil or whether it was an oil having 
soluble or somewhat soluble contents. If you wash a 
pure frothing oil with water repeatedly you dissolve a 
certain portion of it, anything up to one hundred per 
cent. As an illustration you might cut it to ninety per 
cent or eighty per cent or seventy per cent or Sixty peu 
cent, depending on how long you washed, but the oil 
that is left will of course be identical in kind with the 
ariginal oil, although less in quantity, and will conse- 
quently have the same frothing power. If, on the other 
hand, you have an oil which contains soluble or par- 
tially soluble contents then if you wash you will wash 
out these contents and you will be left with the so- 
called insoluble content of the oil and you will have 
passed from a frothing oil to one which approximates 
more or less closely, depending on the degree of wash- 
ing to a non-frothing oil. 

©. 99. What is the theoretical relation between the 
amount of oil and the amount of the ore? 

A. If you had the ideal state of things where you 
vot one hundred per cent recovery and one hundred per 
cent of concentrate it is quite evident, if everything else 
is kept the same, the quality of the froth and the quan- 
~ tity of the froth will depend solely on the ratio of oil to 
mineral. That is because under these circumstances the 
gangue is merely an inert Substance at the bottom of 
your vessel. . 

Q. 100. What would be the effect of gangue? 
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A. Of course in so far as any gangue 1s carried up 
ito the mineral, that is going to change things. In so 
far as any mincral is carried down by the gangue, that 
is going to change things, and so far as the gangue car- 
ries down some oil, apart from the oil that goes down 
with the mineral, which may be the case, that will also 
change things so that the relation may easily be ob- 
scured, somewhat. 

Q. 101. Is it necessary always to use the same per 
cent of oil to mineral? : 

A. No, that is not necessary at all because of the fact 
you can stabilize the froth with varying amounts of 
mineral. That is—of course you get froth of a slightly 
different character but over quite a wide range of oil to 
mineral, you will get a pretty nearly stable froth and 
consequently it is not necessary to keep the ratio of oil 
to the mineral absolutely constant; and I imagine that 
is one reason why people have overlooked the funda- 
mental importance of the ratio of oil to mineral. It is 
a very natural thing to do. 

QO. 102. Within your information is there anything 
in mill practice, any evidences in mill practice that the 
ratio of oil to mineral is an important thing? 

A. I have no personal knowledge of the mill prac- 
tice, but in Mr. Wickes’ testimony the other day it ap- 
peared that it was the practice to increase the amount 
of oil somewhat when the tenor of the headings run out. 
And other people have told me that that is a general 
practice. It looks a little as though the mill practice 
were distinctly in advance of the patents in suit. 
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Q. 103. Have you made any experiments yourself on 
that point? 

A. Nothing very accurately. J made one rather 
crude experiment merely to satisfy myself how much 
variation there was likely to be. To fifteen hundred 
cubic centimeters of tap water at 50°—there or there- 
abouts—there were aqdded 300 ems. tailings which I am 
told contained about one per cent mineral, which would 
make, in other words, about 3 gms. of mineral in 300 
oms. of tailings. There were also added 1 c.c. sulphurie 
acid and 1 c.c. pine oil. In the second experiment the 
mixture contained 1500 c.c. tap water, 5 gms. of what J 
was told was 65% concentrate containing roughly 
about 3.3 gms. mineral, very nearly the same as in the 
other case, 10% difference if you take the tailings as 
being absolutely 65, which I assume is not important. 
ene cubic centimeter sulphuric acid and 1 c.c. of pine 
oil. Under these conditions you have the same amount 
of water, the same amount of acid, the same amount of 
pine oi! and approximately, within the limits of the 
analyses given me, the same amount of mineral; but in 
cne case you have got a great deal more gangue than in 
the other. And now when these were stirred, it did not 
come out quite the way I hoped it would—there was dis- 
tinctly more mineral in the froth, judged by the cye, in 
the second case where J was using the concentrate than 
in the first because of the larger amount of gangue. 
carrying down some mineral, so that it 1s only an ap- 
proximate experiment and a crude comparison, but it is 


Butie & Superior Mining Company. ola7 
Prof. Wilder D. Bancroft. 


really surprising to see how nearly alike the two froths 
were when we consider that the percentage of oil to ore 
was about .62 in the one case—I think that is probably 
figured on a specific gravity of .9—it is of no import- 
and about 18.6 in the other. That is the 
“atio of oil to ore was something like thirty times as 


ance anyway 


zreat in the one case as in the other, but the ratio of oil 
to mineral was practically the same., And, while the 
iroths were not identical, they were very similar indeed. 

O. 104. You used the word mineral, meaning metal- 
liferous nineral all along? 

A. Meaning metalliferous sulphide; I assume that 
that was the correct technical term. I would be very 
glad to change it if it is not. : 

QO. 105. What would be the variations in the dilu- 
tion of the pulp? 

A. If you have a soluble frothing oil present in the 
oil mixture that you are using, having more water in 
the pulp will of course give you a more dilute solution, 
and will consequently affect the frothing power; it 
would be more or less euqivalent to using less of your 
trothing oil; consequently one would expect to find that 
in any given case, if you keep everything else constant 
and increase the amount of water in the pulp, you would 
have to add more oil. 

Q. 106. Have you any information as to mill prac- 
tice that would serve to confirm that conclusion ? 

A. That part was brought out in Mr. Wickes’ testi- 
mony, that when the amount of oil in the pulp was in- 
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creased—I prefer not to say diluted, because there 
seems to be some difference of opinion about that; some 
people say that the,dilution increaseSwhen you have 
more water and some people say that the dilution in- 
creases when you have less water—so I prefer to say 
that in Mr. Wicks’ testimony it seemed to appear from 
his data that more oil was needed when the pulp con- 
tained more water. [| have been told since then that 
that is the opinion among many of the mill men. I have 
no personal knowledge of it, beyond hearsay evidence of 
this sort. 

Q. 107. Under what conditions would these relations 
MOcemirctiictly 

A. These relations, as I said, would hold strictly for 
the case of 100%. recovery of a 100% concentrate. 

©. 108. But such a state of things is not realized. 
etal? 

A. As far as I know, such a state of things is not 
realized either in mill practice or in the laboratory. 

©. 109. What are the disturbing conditions? 

A. There are a good many things that make trouble 
there. If the froth is too stiff, of course there will be a 
tendency of the gangue to become entrapped in it. If 
the gangue is very finely divided, it will settle more slow- 
ly, and consequently the tendency of it to be entrapped 
will be greater. On the other hand there will also, of 
course, be a tendency for the mineral to be carried down 
hy the gangue, either because it is entrapped or it may 
be because when bubbles coated with mineral come in 
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contact with gangue during the agitation, some of the 
mineral will be rubbed off mechanically, and conse- 
quently will be in the same state as it would have been 
if it had never been attached to a bubble. And further, 
of course, the stiffer the pulp, that is, the less water in 
the pulp, the greater the danger of the mineral being 
carried down. Of course the actual effect of those 
things will vary in each particular case, with the nature 
of the ore, the nature of the gangue, the nature of the 
oil used, the temperature, the question of what you add 
in the way of sulphuric acid or copper sulphate, and 
with the nature of the stirring; so that it is probably a 
very complicated problem. But by keeping everything 
as nearly constant as possible, temperature, sulphuric 
acid, nature of ore and nature of oil and degree and 
manner of aeration, so that your only variables—your 


things that change—are the concentration of the puip 
and the amount of oil and therefore the change in quan- 
tity—then J think that there would be no difficulty in 
verifying all these conclusions from mill practice. 

Q. 110. Will the use of moderate amounts of oil give 
better results than the use of a minimum amount? 

A. Why, it seems to me that it should, because, if you 
did not have too stiff a froth, you will get more chances 
for the gangue to settle, and of course also if you get 
your oil bubbles overloaded with mineral, again there 
will be danger, so that I would imagine that you would 
not get the best results in case one worked down to the 
minimum possible amounts of oil. As I said, I have no 
personal knowledge of that, but I suppose—I haven't 
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the slightest doubt but that mill practice will confirm that 
statement. 

Q. 111. What will happen if a single particle consists 
both of mineral and gangue? 

A. Of course if you have a single particle that has 
inineral on one side and gangue on the other, no amount 
of flotation will separate those two; it will either go up 
into the froth or down into the gangue, depending on 
the relative amounts of mineral and gangue in the par- 
ticle; and the only remedy I see for that is more efficient 
grinding. 

Q. 112. Up to this point you have a theory which 
covers the whole ground to your satisfaction? 

A. Itseems to me that the theory which I have stated 
enables us not only to describe all the facts that are 
known, but to predict a number of facts which were not 
known before. 

Q. 113. What type of froth is produced by these 
conditions ? 

A. Under all of these conditions as far as stated, 
you get the same type of froth, one with the cell walls 
having a film of oil or oil rich solution next to the ore, 
and the cell walls are stabilized by the presence of the 
mineral, which makes the films more viscous and there- 
fore more stable. 

Q. 114. Is there any change in the type of froth at 
or about one-half of one per cent. of oil to ore? 

A. There is absolutely no change in the type of froth 


at any such point. 


————— 
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Q. 115. On what does this hypothesis of the critical 
point rest? 

A. Well, that is a bit of an unkind question, but it 
seems to me that the hypothesis of a critical point rests 
on unverified and unverifiable statements. 

Q. 116. Does the Cattermole phenomenon occur at 
any definite ratio of oil to mineral or oil to ore? 

A. No, the Cattermole phenomenon does not occur 
at any definite ratio of oil to mineral or oil to ore. The 
Cattermole phenomenon, which is the granulation of 
the particles into minute lumps imbedded in oil, will 
take place at entirely different ratios either of oil to 
mineral, which is the proper way of putting it, or oil 
to ore, which is unfortunately the ordinary way of 
putting it, depending on the degree and manner of agi- 
tation; that is, it can be run so that you will get gran- 
ulation when you have got relatively small amounts of 
oil, and it can be run with the same oil and the same 
ore, yet the granulation does not take place at those 
ratios. In other words, the important factor in there is 
not the ratio of oil to mineral, or the ratio of oil to 
air; it is the degree and manner of agitation. 

QO. 117. Now, professor, Bancroft, will you sum- 
marize for the court your conclusions, with such 
references as are necessary to the illustrative experi- 
ments you have presented. 

A. The question to be decided was first as to the 
type of froth that we have in the case of flotation 
and, secondly, whether this froth changed in type at 
any given ratio of oil to ore which, as I have said, is 
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a bad way of putting things because it does not repre- 
sent facts, or of any ratio of oil to mineral. Conse- 
quently I began back with the simple question of oil 
and water, using oil again in the broad sense to de- 
note, an insoluble oil, so-called, a soluble frothing oil, 
so-called, or a soluble frothing agent, so-called. In 
all these cases we get the formation of a surface film 
at the interface between water and air which is more 
viscous than the mass of the liquid and consequently 
when beaten up with air, such a liquid foams or 
froths; and it does it under all conditions; and it 
foams and froths only, so far as we know, when 
the surface film is more viscous than the mass of 
the liquid. And to illustrate that we did the ex- 
periment with alcohol and water showing why certain 
concentrations do foam and certain other concentra- 
tions do not foam. In the case where they do not 
foam the surface film is not so viscous as the mass 
or the bulk of the liquids. Then the question comes 
up as to the type of froth that you gbpt when you have 
oil and water alone. Since we know that the oils ab- 
sorb air more strongly than water does, we know 
that under these circumstances and with all ratios of 
oil to water with which we are working we get the 
same type of froth in which you have bubbles of air, 
since we are working with air. The films constitut- 
ine the wails oi the frotly are either am oil layers 
you are using enough oil to give you a separate 
layer, or an oil-rich solution in contact with air. Now, 
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go further into the film and you will get water con- 
taining less oil than in the surface film, and that 
part of it would be less viscous. Consequently we 
have the same type of froth throughout when water 
—when we have oil and water alone. And, as [ said, 
so far as I know, that is not disputed as yet by any- 
body. ‘Then these froths are—at least the froths that 
I was considering—are all more or less evanescent. 
That is, they break down very quickly; some of them 
break down extraordinarily quickly. If we make these 
films more viscous in any way we shall stabilize 
these froths and get froths of varying degrees of per- 
manency, depending on the viscosity that we produce 
under these conditions. Now that can be done by 
means of a very viscous oil, and I cited the case of 
the oil mixture of the Butte & Superior Company 
where they have a relatively large amount, 709% of 
fuel oil, which I understand is a very viscous oil. 
And that does give, because I know personally, a more 
er less permanent froth without any other stabiliza- 
tion. On the other hand, you can stabilize the film by 
introducing into it a solid which will stay there because 
the presence of the solid in there increases the vis- 
cosity just as increasing the amount of ore in a pulp 
would increase the viscosity of the pulp. Then of 
course the next question 1s what substance will go 
into that film and will stay there? Any substance, 
any solid which is adsorbed strongly by the oil layer, 

by the oil-water interface or by the oil-rich solution, _ 
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will pass into that part of the film—The question of 
stabilization by means of a solid under these circum- 
stances is absolutely independent of the chemical na- 
ture and origin of the solid except insofar as the 
chemical nature determines whether the substance 
will go into the film or not. That is, you may have 
the case where the mineral goes in and the sand 
does not. If you tind a hypothetical oil which may 
exist, although J do not know of it, which adsorbs 
sand or gangue very strongly, then you could stabilize 
your film with sand or gangue. There would be no 
profit in it, but it could be done. Instead of hunting 
for that hypothetical oil, which would probably take 
2 good while, it seemed to me it was simpler to take 
a number of different solids which could be made to 
stabilize certain froths and to show that under these 
conditions the chemical nature of the solid had abso- 
lutely nothing to do with the problem, and that the 
whole question was whether you had a solid which 
did go into the surface of the film. Jn order to show 
that I have taken—of course everybody knows it in 
regard to mineral—I have taken among others lycopo- 
dium powder, which is a vegetable product. As | 
Said, it ismunce spores cithcr Of aymosss Of ask ime 
{ don’t know which—but IT have taken white Iead, 
which so far as [ know does not occur as a mineral 
anywhere, and certainly the white lead that we used 
did not occur as a mincral, and T have taken Jamp 


black, which is a different substance. The only rea- 
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son for taking those things is that J think that I have 
read somewhere, although I cannot lay my finger on 
the reference, that somebody or other said that onlv 
those substances floated which were metals or were 
like metals; that is, in other words graphite, which 
conducts electricity metallically, and the crystallized 
sulphides which do look like metals—which have a 
distinct metallic luster. In fact I think in that same 
paragraph which [ am certain I saw but I cannot find 
it although J looked for it, there was also a state- 
ment that they believed that precipitated zinc sul- 
phide would not float because it was not crystalline 
and metallic. So, it seened to be very desirable to 
try the experiment with substances which did not 
resemble metals in any respect; and I cannot see any 
way in which anybody could claim lycopodium powder 
or white lead as being similar, either in properties 
or origin to a metal. Personally I would not want to 
classify lamp black either under either head although 
of course it is carbon, one form of carbon, and graph- 
ite is another form of carbon. If anybody insisted 
that this was an immaterial point [ would be willing 
to meet him half way on that although 1] should still 
think he was wrong. I have shown that under these 
conditions these things go into the film; further it is 
not a property of the particular substance in itself 
since we have selective adsorption. Mineral goes into 
an oif in preference to gangue. Consequently in the 
same way when we start with different soluble froth- 
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ing agents or oils we may get selective adsorption 
so that a substance which will stabilize one froth will 
not stabilize another. The lycopodium powder stabil- 
ized the pine oil, which is a soluble frothing oil, so- 
called and it stabilized the alcohol, which is ccrtain- 
ly a soluble frothing agent; on the other hand lycopod- 
ium powder had no stabilizing effect whatever on 
acetic acid. That is, in other words, you are getting 
a selective adsorption; the lycopodium does adsorb 
alcohol and does adsorb pine oil to a sufficient extent 
to enable it to stabilize the froth, while lycopodium 
does mot adsorly acetic “acid in sutlicient extent) 
give us a stable froth. In other words, the whole 


thing is selective but it is not, however, a peculiarity 
to acetic acid, that you cannot stabilize it. We know 
that we can stabilize an acetic acid froth by means 
of mineral and [ showed that we could stabilize acetic 
acid by means of lamp black and [ further showed 
that we could stabilize phenol by means of lamp black; 
that on the other hand, we could not stabilize phenol 
by means of white lead. I did not try white lead 
with acetic acid because the probabilities are that the 
acetic acid would react with the white lead. Now, J 
could have gone on, if J had had uniimited time and 
so had everybody else, and have worked up an in- 
definite number of other substances that would work 
exactly the same way; but it scems to me that lyco- 
podium, white lead, lamp black and mineral are suf- 
"ficiently definite to establish the principle that the 
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nature of the solid is of no account, so long as it is 
udsorbed. Now, since the only function of the solid, 
from the theoretical point of view, is to stabilize the 
troth, and since it is the solid which is adsorbed in 
the surface of the film which stabilizes the froth, 
there can, therefore, be no change of type in the froth; 
and since the froth, in the absence of the solid, is 
all of the same type, that is with an oil layer or an 
oil-rich solution next to the air, it is still of the same 
type when you add the ‘solid and there is not any 
possible way, so far as I can see, that the solid 
should cause that froth to turn inside out or to do 
any other laboratory tricks, and consequently we come 
to the theoretical conclusion that the type of froth 
does not change with varying the amounts of oil in 
there and that is confirmed by the experimental fact 
that when you make a froth under the different 
conditions as shown in the experiment with the three 
jars on the edge of the desk, you cannot possibly recog- 
nize any difference in type in these three froths, al- 
though one of them contained in round numbers 0.29 
per cent of oil to ore; one contained .087 of oil to ore 
in round numbers, and one contained 1.45 per cent 
of oil to ore, also in round numbers. Further, then, 
the whole nomenclature seems to me rather footless, if 
you will permit me to use that word; that is, people 
talk about “the ratio of oil to ore’. Now, except so far 
as the gangue goes up into the froth or the mineral 
goes down into the gangue, it is perfectly clear that the 
important thing in any particular case is the ratio of oil 
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to mineral and not the ratio of oil to ore; and that, so 
far as one can see, is also confirmed to some extent by 
mill practice where the operator is judging by eye the 
looks of the froth—perhaps I ought not to say that he 
is judging by the eye because I do not know that def- 
initely—but anyhow it seems to be the practice that 
when the amount of mineral in the ore goes up, they 
add more oil. And of course I admit that there is a 
certain picturesqueness about expressing things in the 
ratio of oil to ore. That is if you take about one tenth 
of one per cent of oil to ore it apparently appeals to 
one’s imagination that that is a very remarkable, strik- 
ing thing, and a very low areount of oil in reference to 
the ore, which is true. On the other hand, if you figure 
that around as it should be figured in the case of the 
ore containing seventeen per cent mineral your ratio 
of oil to mineral is approximately six per cent, allow- 
ing for errors in multiplication and division, which is 
not half as impressive. If you go down further to 
the case of an ore containing four per cent mineral 
why, this same thing figures out 25% of oil to mineral, 
which is—well, that is beginning to be interesting 
again but on the other side. I cannot see any possible 
scientific justification for referring the amount of oil 
to the amount of ore because the important factor in 
there is the ratio of oil to mineral and it does not seem 
to me that mere picturesqueness is important, under 
the circumstances. On the other hand, I am quite 
willing to concede that this is a point on which people 
can very easily be misled because you can stabilize a 
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given froth fairly satisfactorily with varying amounts 
of mineral and consequently it is possible to work with 
a given oil and a given ore and vary the ratio of oil to 
mineral over quite a range without necessarily getting 
bad results; and I think that that is possibly the rea- 
son why people have gone to pieces in this case and 
have laid stress on the ratio of oil to ore when they 
really meant the ratio of oil to mineral. 

As I said, of course you get that most clearly ip the 
unrealizable case where you have 100% concentrates, 
which, as far as I know, never occurs. You will get 
disturbing forces so that, when the froth is stiff, it wil} 
naturally entrap more of-the gangue, and consequently 
give you a lower grade concentrate. When the gangue 
is very finely divided and consequently settles very 
slowly, that also will be a factor giving you a higher 
amount of gangue in the froth; on the other hand, 
when your gangue settles very rapidly, it is likely to 
carry down a certain amount of mineral with it. That 
mineral may be either entrapped mechanically, or if 
may be that you get an actual mechanical rubbing off 
of the mineral from the films of some of the bubbles. 
In fact in some of the photographs that were shown 
the other day you could see in places where the bub 
bles had come in contact with the face of the glass, that 
the mineral was entirely gone from them, and you got 
a shining film, the mineral being off at the side of the 
bubble. Now, the only other thing that comes in as 
far as I know here are some of the questions in com 
nection with the feed. I have already stated that it 
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seems to be mill practice to increase the amount of oil 
when the mineral content of the headings runs up. 
When the amount of water in the pulp runs up, we 
have two factors coming in, the factor pointed out by 
Mr. Taggart, that we have a higher concentration of 
the mineral particles and consequently a greater possi- 
bility that they will not all become entrapped in the 
bubbles, and you have also the possibility that you 
dissolve out more of your frothing oil from your oil 
mixture that you are using, in case you are using an oil 
mixture, and that consequently you are working with 
what is analogous to a different oil. The differences, 
may not be very great, but it would be real difference. 
So that those are all factors which come in and dis- 
furb the situation. Then, of course, you also have 
the possibility of varying the nature and kind of the 
agitation, either by using a different machine, by stir- 
ring more rapidly, or by feeding in more air, and those 
things will all have their effect in changing the amount 
af froth and the quality of the froth; that is, going 
hack simply to the case of oil and water, if you put that 
in a bottle and shake it by hand, which is a primitive 
and tiresome method, you can only convert a relatively 
small amount of oil over into bubbles for the same 
cross section of the bottle, because we do not shake it 
violently enough. On the other hand, if you take it 
with a more efficient stirrer, then under those condt- 
tions you can run up the amount of the oil in pro- 
portion to the cross section of the vessel and get a 
great deal more froth, as has been shown hy these 
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things that we have worked here. It would have been 
quite impossible for me to have taken one of those 
glass jars, even if I had a stopper for it, and had shak- 
en the oil and water in that and have produced the 
amount of froth that we could in the other case. Con- 
sequently the kind and nature and amount of the aera- 
tion will play a very jarge factor in determining what 
ratio of oil to mineral you can use safely, so far as I 
can see, you can vary the amount of oil to mineral 
over a very wide range and still get a froth—of course 
not the same froth, but identical in its properties—by 
simply changing the absolute amount of air that you 
pump in in a given time, and the way in which you 
pump it in. I think that covers pretty nearly all of 
the points, though not all. 

M. 118. If one has a relatively heavy mineral par- 
ticle under water and coated with oil, and if an air bub- 
ble is brought near it, what will happen? 

A. The air bubble will attach itself to the oil and 
will tend to raise the particle. If the particle is rela- 
tively heavy, the oil will neck out—the tensile strength 
of the oil is not high 


and consequently the bubble will 
not raise the particle, but will pull off a small amount 
of the oil from the particle, and will go up as an oil 
bubble. Now, you can go on repeating that, and you 
will take off a little oil every time, a little more oil, and 
you will get down to the point where, instead of hav- 
ing a thick film of oil on the bubble with relative little 
tensile strength, you have a very thin film of oil, which 
under those conditions is both more viscous than the 
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mass of the oil, and also Wevene: actual tensile 
strength, and then you will come nearer and nearer 
to lifting your particle. If that particle is large 
enough you cannot lift it under any circumstances; 
1f it is of a medium size you will reach a point, by 
the removal of the oil, where you will be able to lift it. 
The smaller the particle is, the easier it will be to lift 
and the less oil it will be necessary to remove from it; 
so that, with a very small particle you can lift it and 
should be able to lift it even if it were oiled pretty 
thoroughly heavily, and with a larger particle you would 
have to get down to a relatively thin film of oil before 
you could succeed in lifting the particle. 

Q. 119. When an air bubble meets an oil globule 
without violent agitation, what will happen? 

A. Again the air bubble will tend to pick up the 
oil globule, and the oil, or some of the oil will pass 
around in the interface between water and air, just ex- 
actly as it does when you put oil down on a flat surface 
of water in a beaker in contact with air, and just ex- 
actly as was shown in one of the diagrams this morn- 
ing by Prof. Beach. Now, the oil, of course, barring 
the influence of gravity, would tend to concentrate uni- 
formly in a film around the air; under the influence of 
gravity, of course it could not be quite uniform; in fact 
it distinctly will not be uniform, and you will get more 
of the oil down at the lower end of the bubble; and 
since the thick film of oil—I am using thick without 
giving any definite limit to the size for a moment—is 
not stable, and consequently the oil will pull off, and 
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you will have your air bubble with a thin film 
of oil around it, and the rest of your globule of oil will 
be drifting around wherever fate may take it; it de- 
pends on the arrangement of your apparatus. 

Q. 120. Would it seem likely to you that these 
things you have stated might cause one to conclude 
that the air bubbles do not directly attach themselves 
to the oil globules, and have slight, if any lifting 
power? | 

A. Why, if a man were just simply doing the thing, 
without knowing very much oes es was doing or 
without having any special theoity fo. guide him or 
hinder him, as the case might be, I “hier it would be a 
perfectly natural mistake for a man to make, and I 
would expect a man who observed those things and 
did not analyze them carefully, to draw exactly that 
conclusion. The conclusion would be wrong, however, 
in spite of its being a plausible one. 

Q. i121. Does it seem probable that one might draw 
a conclusion that air bubbles do not attach themselves 
to metallic particles coated with sufficient oil to pro- 
duce adhesion? 

A. If you were working with a se Se large 
particle, that would be the natural conclusion to draw 
from the experimental evidence if you did not analyze 
it. It would be an inaccurate conclusion, for the sim- 
ple reason that it is not so. 

QO. 122. What would be the more accurate way of 
putting it? 

A. Why, I should prefer to draw the conclusion 
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under those conditions, that the cohesion between oil 
and oil was less than the adhesion between oil and air, 
and that consequently when you put the strain on it, 
the break comes in the oil, and the bubble CAarriess olla 
small amount of oil with it; which is exactly what it 
does experimentally. 

Q. 123. Can you give any illustraticn of a similar 
nature from some other field? 

A. Yes. If you take a solution of gelatine or glue 


in water—and of course glue is simply impure gela- 
tine—and put it in a glass beaker and let it dry, it 
dries down to an apparently solid mass. If you allow 
that to dry still further by putting it in a very dry at- 
mosphere, the adhesion of the gelatine to the glass is 
so strong, that even though you have got a smooth bot- 
tom in your beaker on the inside, that gelatine holds 
on to that so strongly that when you take it off it pulls 
pieces of glass off of that surface. The experiment 
does not always succeed, because sometimes it breaks 
the beaker all to pieces, simply doing it a little more; 
but when you get the thing going, where you get it 
finally with a gelatine film that has torn pieces of glass 
right out of that sttrface—you can conceive what force 
it would take to break little pieces of glass off the 
smooth surface of the window pane with your fingers 
—it gives one a realization of the force that may be 
acting in the case of a surface film where you have 
two different substances. Of course I do not mean 
to say that your oil film could, under any circum- 
stances pull pieces out of the mineral particle, even 
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though the mineral particle were large; but it does 
bring out this other point. 

We have another instance of much the same thing ih 
a glue joint. If you glue two pieces of wood together 
in a careless way with a pretty thick glue joint in 
there, then under those circumstances the strength of 
one part of the glue to the other does not amount to 
very much, and the thing will break at the joint every 
time. If you do that thing in an honest, workmanlike 
manner, with your glue warm, so that it goes into the 
wood a little, and do it with as little glue as you can, 
and press practically all of the glue that there is there 
out, so that you have the merest thin film of glue be- 
tween the faces of the two pieces of wood, then you 
will get a joint, which, when it breaks, will usually 
break somewhere else. Of course if the thing which 
you were to glue were two trees, butt to butt, I imagine 
under those conditions probably if they broke that 
they would break at the glue joint; but under ordinary 
conditions that arise in cabinet making for instance, 
a first class glue joint is stronger than the wood. That 
is not a question of mill practice; that is actually experi- 
ence. 

Q. 124. If air bubbles are produced in pure water, 
would you expect them to be large or small? 

A. Iam assuming that you are having your bubble 
produced from a tube or some other orifice. The size 
of the bubble produced under those conditions de- 
pends on two things; first, the size of the opening, 
secondly the surface tension of the liquid in which the 


md 
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bubble is produced. If you stick to the same sized ori- 
fice, you would get a larger bubble the higher the sur- 
face tension of the liquid, and as you are dealing in 
this particular case with water, you would get relative- 
ly large bubbles. Of course that does not mean that 
if you worked with an infinitely small orifice the bub- 
bles will be as large as a balloon, but they will be much 
larger than they would be if you worked in another 
liquid which had a lower surface tension, because those 
two things, the size of the orifice and the surface ten- 
sion of the liquid are the two forces which determine 
the size to which the bubble may grow before it tears 
loose. 

Q. 125. If anything were added to the water which 
reduced its surface tension, would you expect the bub- 
bles to become larger or smaller? 

A. They would of course become smaller, because 
that is one of the very nice and satisfactory methods 
of determining the relative surface tension$ that 1s, 
you take a glass tube of a given size, and you let air 
bubbles out of that into different liquids, and you will 
get the largest bubbles in the liquid, as I have just 
said, with the highest surface tension, and in the liquid 
with a lower surface tension you get smaller bubbles, 
or with the same liquid if you have added something to 
it which lowers the surface tension, you will get smaller 
bubbles, and that is the—is one of the recognized ways 
—one of the easy ways of getting a qualitative test of 
the relative surface tensions. You may also go at it 
around the other way, of course, by letting the liquid 
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run out of the orifice. For instance, let the liquid run 
out of a burette either into the air or into another 
liquid, depending on what you want to study. If your 
liquid has a high surface tension your drop will grow 
to a relatively large size before it breaks off from the 
burette. If it has a flow surface tension you will get a 
much smaller drop, or if you take a liquid and do any- 
thing to it, add soap or saponin or salt or something 
of that sort, your drop will be larger or smaller de- 
pending on whether the surface tension is increased or 
decreased, and in that way the thing can be used as a 
quantitative method of determining the surface tension, 
that is, you weigh the number of drops, or a given 
amount of the liquid, and work back from that to the 
surface tension. Under ordinary conditions that is not 
very accurate, because the theory calls for a drop which 
breaks off cleanly and leaves nothing behind, but if 
you run a burette or anything of that kind, we know 
that under ordinary conditions you get a drop coming 
off, not clean; there is a small drop left behind. It has 
been shown by Morgan of Columbia that if you use— ~ 
I don’t know the exact conditions, but if you use a tube 
with a bevelled end, instead of a tube that simply comes 
down square, under those conditions a clean drop is 
removed, and he has used that as a quantitative method 
of determining relative surface tensions of different 
liquids and different solutions. So that, of course, you 
would get a smaller bubble in case you added anything 
to the water which lowered the surface tension, and 
conversely you would get larger bubbles if you added 
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anything to the water which increased the surface ten- 
sion. That is first principles. 


Q. 126. Do oleic acid, phenol, cresol and amylace- 
tate lower the surface tension of water? 


A. They do. 


Q. 127. Ii bubbles generated from small orifices 
—in solutions of these substances, might we get an 
effect which could be described as smoke? 

A. I see no reason why you should not. If we 
have a very fine orifice the bubbles in themselves will 
be small; and if we add to the water anything which 
reduces the surface tension, your bubbles will be smaller 
still, and consequently it is merely a question of how 
small your orifices are what your definition of smoke 
is, whether you would call the thing a smoke or not, 
but I can not see any reason why you should not get 
a cloudiness in there which could perfectly legitimately 
be called smoke. I never tried the experiment, but ait 
sounds perfectly reasonable. 


Q. 128. What can you say about the liquid film in 
contact with the air of the bubble? 


A. Well, I have been trying to say that a great 
many times all day, that in all these cases you have 
either an oil layer or an oil-rich layer next the air, and 
that—if you do not want to use the word “oil” —if you 
have phenol in solution, thes the film in immediate 
contact with the air will be higher in phenol than the 
mass of the liquid. The'same thing will be true of 
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cresol and with amylactate and with anything else of 
the same type that inay come up. 

Q. 129. Do you agree with the proposition that 
mineral frothing agents are generally oils or oily in 
character; £850 Sbichremse tire mere incident that oils are 
also Peeral frothing agents—the word mineral being 
used to mean metallic sulphides? 

A. I should ’think that was a very misleading state- 
ment, in a sense, of course, it is perfectly true; that is, 
in the narrow sense of the word, you don’t call acetic 
acid an oil; that is, in every-day life, acetic acid is not 
called an oil, and consequently to that extent it is jus- 
tifiable. On the other hand, the practice in flotation 
matters is to call everything an oil which tends to 
show a selective adsorption for mineral as opposed to 
gangue. Now, that may or may not be a good thing 
to do, but it is the regular and established practice, 
and consequently when one is talking about flotation, 
acetic acid is an oil, and while it is perfectly legitimate 
anywhere else to say that acetic acid is not an oil—I 
should not classify acetic acid under ordinary conditions 
as an oil—it certainly is an oil under the established 
usage and customs of flotation matters, simply be- 

%,cause it is better to call all things by the same name 
when they behave in the same way. In regard to the 
selective adsorption of mineral with reference to gan- 
gue, you get that with oils, with soluble frothing oils 
and with so called mineral frothing agents, as defined 
by Mr. Williams—they all behave in exactly the same 
way; in other words, they, show selective adsorption, 
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and consequently they are all oils, and consequently un- 
der that nomenclature acetic acid is an oil and the state- 
ment 1s inaccurate. You can not judge a statement 
of that kind except with reference to the context, and 
it is perfectly true under some circumstances and it is 
absolutely false under others. That is why I prefer to 
classify that as a misleading statement. 

O. 138° Would you expect that air bubbles dissem- 
inated by a suitable agitation in the presence of a sol- 
uble frothing agent, would search out mineral particles 
from the ore pulp, pick them up and carry them to 
the surface, leaving the gangue? 

A. I don’t see how they could be expected to do 
anything else, because by your definition of a soluble 
frothing agent, it 1s going to have a selective action, 
and that seems to me simply—I may not have under- 
stood your question, but it seems to me like saying the 
thing right over and over again. 

©. 131. In these cases are the air bubbles in direct 
contact with the mineral particles? 

A. Again that is the same question; they are not. 
Under those conditions you have—you might say— 
an oil layer—the oil layer you have is different, be- 
cause it does not come out as an oil—you have a rel- 
atively oil rich solution in contact with the air through- 
out, and you do not have any contact between the solid 
particle and the air under these circumstances. 

QM. 132. Is it possible to have direct attachment of 
your air bubble to a mineral particle? 

A. Theoretically I think it is; that is, we know that 
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in the case of so called minerals, zinc sulphide and lead 
sulphide, they do generally adsorb air markedly. The 
reason we know that is because they are not wetted 
readily by water, and since the air is adsorbed marked- 
ly, there is no reason why you should not have direct 
contact between the sulphide and the air, and there is 
no reason why under suitable conditions you may not 
have an air bubble in contact with the mineral and 
actually lifting it. On the other hand, you may not 
have that, if you have present in your water either an 
oil—either an insoluble oil or a frothing oil or a soluble 
frothing agent. In other words, the thing is perfectly 
possible theoretically; [ should not think of disputing 
fee Whether it occurs in amy given case or not is a 
matter to be decided with reference to that particular 
case. 

Q. 133. When mineral particles are apparently lift- 
ed by the air, is it certain that that is really happen- 
ing? ; 
A. No, I don’t think it 1s, because there is always 
a possibility that the mineral particles are not clean 
in the beginning; that they may have had on their sur- 
face either oil or greasy matter from somewhere, and 
that consequently under those conditions one was not 
dealing with the direct contact of air with mineral. 
That would all depend, as far as I can see, on the de- 
gree of care with which the experiment was carried 
out, and I should not be willing to accept the mere 
statement that one had a contact between air and min- 
eral as conclusive unless the thing were shown to be 
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so. It is perfectly possible that you may have it, but it 
is equally possible that experimental errors may come 
in. Even I can not do my experiments and make them 
come out right every time. 

Q. 134. Have you any independent evidence to con- 
firm your statement on this subject? 

Yes. li you take a piece of mica and splitam 


into two pieces or two plates; now, if you press those 


pieces together any time within three or four minutes, 
the thing will go back and make practically one piece 
of mica instead of two. If, on the other hand, you 
wait more than three or four minutes—say if you wait 
ten or twelve nunutes, then you can not possibly press 
those two pieces of mica together and make them weld 
into one by any pressure that any ordinary man can 
exert with his thumb and forefinger; which shows 
that during the ten minutes that those fresh mica sur- 
faces had stood exposed to the air, that something— 
a film of air or a film of water or a film of grease had 
condensed upon them, so that when you press them to- 
gether you do not really bring the things into intimate 
contact. 

Now, there is another rather interesting thing about 
that. Lord Rayleigh states that the film which forms 
on the surface of the mica conducts electricity, and 
therefore he concludes that it contains water; that is, 
in other words, that it is chiefly or partly moisture con- 
densed from the air; that in the course of a few hours 
—I don’t know how many—but in the course of a few 
hours, instead of having a conducting film on the sur- 
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face of the mica which conducts electricity, you get a 
non-conducting film, from which he draws the conclu- 
sion that it is due to adsorption on the surface of the > 
mica of grease or oily matters from the air. 

Now, of course in view of that thing which we know 
in the case of mica and which can be determined ex- 
perimentally and has been determined experimentally, it 
seems to mie very doubtful whether any particle of min- 
eral which has been exposed to the air, unless extraor- 
dinary precautions have been taken, should be free 
from grease or oily matter, and for that reason it seems 
to me very doubtful whether anybody has ever shown 
the actual lifting of a mineral particle by direct con- 
tact with air, although I am perfectly willing to admit 
the theoretical possibility. In fact, I would go further, 
and say that theoretically it is unquestionably possible, 
but one would have to consider in any particular case 
whether the man who did the experiment had taken 
enough precautions to prevent the contamination of the 
surface, which would certainly take place very readily 
if the particle was exposed to air. 

QO. 135. Do you know of anyone ever having per- 
formed any such experiment, taking the precaution 
which you have described to avoid contamination of 
the particle? 

A. I don’t know of any experiments that have been 
performed where the necessary precautions have been 
taken. 

QO. 136. Is it true, then, to say that in the agitation 
froth process, the froth, and the single bubbles, there- 
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fore, consist of metallic particles held to air bubbles. 
by direct attachment? 

A. It is not true. In all those cases you have an | 
oil layer or an oil rich solution in contact with the air, 
and the particles are in the oil film or at the oil-water 
interface, or in the oil rich solution, depending on 
which particular case you are studying. I do not see 
any possibility under any circumstances where you can 
have direct connection between air and a particle in the 
presence of any of these so called frothing agents, and 
{ do not believe it occurs. 

©. 137. Do you consider the proposition correct or 
incorrect that the fundamental principles of flotation 
are air entrainment and the increased affinity of air for 
metallic particles in the presence of a frothing agent? 

A. It is perfectly right to say “air entrainment” if 
one knew what it meant. If you mean that an im- 
portant thing in flotation is the formation of bubbles 
containing air, that part of the statement is true. The 
other part of the statement, that an important factor in 
flotation is due to the increased affinity— 

Q. 138. The increased affinity of air for metallic 
particles in the presence of a frothing agent? 

A. The statement that the “increased affinity of 
air for metallic particles in the presence of frothing 
agents’ is an important fact in the flotation process 
seems to me absolutely and hopelessly wrong because, 
as I say, you never do get, under these circumstances 
any contact between the air and the particle. If you 
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did, it would be a very important and a very interesting 
thing, but you don’t do it. 

Q. 13814. If you were told that when a bubble lift- 
ing metallic—if you were told that when air bubbles 
lifting metallic particles, met the thinnest possible oi} 
layer they dropped the particles, how would you account 
for it? 

A. Well, I would account for it, I think in two 
ways: in the first place, | should account for it by say- 
ing that if the bubble hadn’t any viscous-film it would 
of course burst and the particle would be dropped back 
into the oil where it would either be held up by the bulk 
oil process, or it would not, just as the case might be. 
That would depend on the size of the particle. The 
other way of accounting for it, which seems to me to be 
simpler, is to say that I know that it is not so because 
I have seen a particle lifted up with an air bubble in 
a bubble holder through an oil film. J admit it 1s not 
an easy thing to do experimentally, and one might 
easily fail twice in three, but I have seen the particle 
come up. So that under this condition I don’t quite 
see why I should be expected to account for its not 
coming up. 

QO. 139. What would you call a sae este by agi- 
tation at about 1800 revolutions per seeemd, 80 c.c. of 
water at 70°, 16 gms. Broken Hill tailings, .6 c.c. 20% 
sulphuric acid and one drop of oleic acid, which would 
be between one tenth and two tenths of a per cent on 
the ore? | 

A. Well, I would much rather have that put in 
terms of oleic acid to mineral, because, as I have tried 
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to point out, that is the only rational way of doing it; 
but of course that hasn’t any bearing on the experi- 
ment. I shouid say there can be absolutely no ques- 
tion but that that would give you exactly the same 
type of froth that we have been discussing ever since 
we came here; that is a froth in which you have an 
ail layer or an oil-rich solution in contact with the air. 

O. 140. In your judgment would it be proper to 
call such a froth an air froth, meaning thereby that 
the air is attached directly to the mineral particles? 

A. It would not be proper to call it that because 
that is not what happens; and it is a great deal better, 
it seems to me, to stick to facts. 

Q. 141. Is it possible to obtain a so-called oil froth 
in which there are oil globules, with the mineral dis- 
tributed entirely through the globules, with skins of 
dividing water partitions between the oil globules and 
with particles of air entrained between the globules? 

A. I don’t see any difficulty about doing that. Sup- 
pose you were to take the bulk B% oil process and shake 
ip the oil until you get some of the oil down in the 
bottom of the beaker, let us say, if we are doing it in 
a. beaker, as oil globules. Now, these globules might or 
mught not contain particles of mineral—it could per- 
fectly well be arranged so they would, I imagine, so 
that all of these would. Down there, you have all 
globules containing mineral particles inside of them, 
separated by either thick layers of water, if you only 
had one or two globules, or by thin layers—which you 
cquld call films, in case you had a great many down un- 
der this condition. Now, I see no dithculty whatever 
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in blowing in air,—I don’t know that you could do it 
—TJI never tried it, but I don’t see any inherent reason 
why you should not blow in a small amount of air, 
avoiding marked agitation, so that the air bubbles would 
cling to the oil and you would then have an oil globule 
containing mineral separated by watery films and con- 
taining air—did you say “entrained” or ‘“‘entangled’”— 
whichever it was, between them. Now, that is starting 
with a lot of oil. Of course, if you start with small 
particles, either a single particle with a little oil around 
it, or if one performed with a granulated particle, Cat- 
termole effect, with oil around that, under this condi- 
tion—under these conditions your granules would have 
particles with oil around them and no air. And now 
if you had enough of that and the ratio of solid to oil 
was not too high and if you got air entangled in them 
in the same or similar way, I see no reason why they 
might not float up to the top and give you, on the sur- 
face, oil globules with particles of mineral entirely in- 
side the oil, with water films separating the globules 
and with air bubbles scattered around more or less fre- 
quently through the oil. I don’t know whether I can 
do the thing experimentally, but it seems to me—that 
is I don’t know it from my own personal knowledge— 
but I do not see any conceivable reason why it should 
not be done if anybody wanted to do it. I think I can 
do it myself if [ had to. 

QO. 142. Well, would such, a so-called oil froth be 
identical with the froth obtained in the agitation froth 
process? 
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A. Why, no, of course not 


absolutely not, differ- 
ent in every respect. 

Q. 143. Is this so-called oil froth that you just de- 
scribed in one of the previous questions a true froth? 

A. No, it is not a true froth at all, because it does 
not come under the definition as given. Of course 
every man has a right to make his own definition, but 
afterwards he has got to live up to it; and the defini- 
tion that I made which I think is the definition that 
would be accepted by pretty nearly everybody—prob- 
ably with slight changes in wording—I don’t care 
about that—is that a froth is a closely packed mass of 
bubbles having a honey-combed structure with the cell 
walls composed of liquid films and the individual cells 
filled with air or other gas. Now, if anybody is going 
to be hypercritical I will modify that. Of course when 
I say, “honey-combed structure’ I mean what anyone 
would under ordinary conditions. I do not mean that 
a cross section of one of those bubbles is actually hex- 
agonal in shape as is the case of a honey-comb of a bee, 
but I am using the word “honeycomb” in the ordinary 
way in which the word is used. 


CROSS-EXAMINATION. 
BY Mi iCLIAMS: 


X-Q. 144. Professor, you mentioned an article as 
having first attracted your attention to flotation, Swin- 
burne’s article? 


A. I did. 
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X-Q. 145. And [ thought you had the article at the 
time? 

A. I did. 

X-Q. 146. May I look at it? 

A. Certainly, with great pleasure. | supposed you 
had seen it. a ; 

X-Q. 147. The discussion in this article is of the 
_ so-called Potter-Delprat process, is it not? 

A. I think that is what it is. I so understood it, al- 
though he carefully avoids putting it in that way. That 
is my recollection of the article, that he says he is going 
to discuss it from a purely scientific point of view 
without any reference to any definite—or without any 
specific reference to any definite process. As a matter 
of fact, however, I think your statement is perfectly 
correct. 

X-Q. 148. I understood you to say during your tes- 
timony that Dr. Adolf lLiebmann had said that a phenol 
when present in water in such proportion that it was 
not dissolved was an oil? Where did you take that 
statement from? 

A. I did not make that statement in exactly that 
form. As I understood you, you read it that I said 
that “a phenol.” My statement was that phenol—of 
course it comes to the same thing, but there are a num- 
ber of substances which are phenols. I can give you 
that reference in a moment or two. I think I have it 
in my notes. You will find it in the third volume of 
the Miami transcript, page 1852. I think I quoted it 
correctly. I verified the quotation. 
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MR. WILLIAMS: If your honor pleases, I would 
prefer to read over the deposition of Professor Ban- 
croft before the cross-examination, thereby hoping to 
save considerable time. 

THE COURT: That hope springs eternal. Weil, 
it is five minutes of five and we will adjourn until 
10:00 o’clock tomorrow morning. 


WHEREUPON an adjournment was taken until 
Saturday, April’zsth, 1917, at 10-00 aim. 


Satu aye wei Zot 197 oO -O0rameme 


WILDER E. BANCROFT resumed the stand 
for further 


CROSS-EXAMINATION 
evi NEA NS: 


X-(Q). 149. Reading from your testimony of yester- 
day, in your answer to Q. 34, you said, “Dr. Adolf 
Liebmann said that when you add a small amount of 
phenol, so that it is all dissolved in the water, it is a 
soluble frothing agent, but if you add an excess of 
phenol it 1s an oil, therefore of course would come un- 
der the head of partially soluble oils.” I have read the 
part of the testimony of Dr. Liebmann in the Miami 
suit to which you gave me specific reference as au- 
thority for that statement, page 1853, and it seems to 
me that you have not quite accurately stated what Dr. 
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Liebmann says; so I will call your attention to Dr. 
Liebmann’s testimony, answer to X-Q. 249, and ask 
you if you wish to correct that statement. (Handing 
witness copy of testimony. ) 

A. He says that phenol is a soluble frothing agent, 
and he says here at the top of the page that an excess 
of phenol is an oil, and he says, in the answer to ques- 
tion 2051, “I say it is phenol as an oil.” I don’t see any 
reason for modifying that statement. 

X-Q. 150. Well, the differentiation which occurs to 


P. 3211, L. 13, insert “as an oil”, and wherever he repeats 
it he always says”, after (:) 


X-Q. 151. Do you accept that correction? 

A. No, I do not. In 2049 he says, “Now, that ex- 
cess of phenol over and above the amount that will gp 
into solution, in what condition does that exist? As an 
insoluble substance, as an oil; it exists as an oil.” He 
does not say that it acts as an oil.” I don’t see any 
reason for modifying that statement. 

X-Q. 152. Then I will read the full statement sp 
that we may have a comparison. “X-Q. 2049. Now, 
that excess of phenol over and above the amount thai 
will go into solution, in what condition does that exist? 
A. As an insoluble substance, as an oil. X-Q. 2050. 
As phenol or as some hydrate that exists there? A. It 
isanoil. Q. 2051. Does it still exist as free phenol, or 
does it form some combination with the water? A. J 
say it is phenol as an oil. Q. 2052. Well, this excess 
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aver and above what is in solution is still simply phenol? 
A. Yes.” I think that covers it? 

A. I think it covers it, yes. 

X-Q. 153. That is the correct reading of the testi- 
mony, is it not? 

A. Absolutely correct. 

X-Q. 154. Now, dipping a piece of galena, for exam- 
ple, into a particle of insoluble oil, some oil is removed 
by withdrawing the galena from the oil, is it not? 

A. It is. | 

X-Q. 155. What is the condition of that oil; does it 
become attached to this metalliferous particle? 

A. If you mean—what do you mean by what is the 
condition? It is oil. 

X-Q. 156. What holds it to the metal particle? 

A. It is adsorbed by the metal particle. 

X-Q. 157. Does it adhere to the metal particle? 

A. I should prefer to say that it is adsorbed by the 
metal particle because that is more accurate. 

X-Q. 158. What is the thickness of the coating that 
you get around the metal particle in thus dipping it; 
does it—it gives you what measure of adsorption 
layer? 

A. By adsorption layer do you mean the thickness 
er the force with which it is held, or what do you 
mean? 

X-Q. 159. Well, we will take thickness? 

A. The amount of oil that will be on the surface 
may vary with the conditions of the experiment from a 
a thickness which 


very small amount up to an amount 


i 
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would drip off, depending on the way in which you 
hold it. I don’t see any way that you could get a thick- 
er Jayer than the amount that would drip off. 

X-Q. 160. Would the amount that would not drip 
off be an adsorption layer? 

A. J think you could call it that—that oil would be 
adsorbed. 

X-Q. 161. All of it? 

A. All of it, I think. 

X-Q. 162. What is your authority for that state- 
ment? 

A. I think I would prefer to quote myself as au- 
thority for it. 

X-Q. 163. Is there any other authority? ; 

A. For the existence of adsorption under the con- 
ditions that I have stated? 

X-Q. 164. Yes. | 

A. I don’t remember whether anybody who has 
written a book on colloid chemistry has discussed the 
specific case of oil and galena. [ can not see why any- 
body should have taken it up, and [I don’t remember 
that they ever did. 

X-Q. 165. That thickness of the oil layer that would 
not drip off would vary with the viscosity of the oil, 
would it not? 

A. Yes. 

X-Q. 166. \Vith a viscous oil, would it still be an ad- 
sorption layer? 

A. That would depend on how you looked at it. 
Personally, I should consider that as an adsorbed layer 
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because the oil is adsorbed at the surface between the 
galena and the oil; and as long as the rest of the oil is 
there I think it would be less confusing to call it an 
adsorption layer. If you prefer to put in any other 
definition I would be glad to discuss it in terms of your 
definition. 

X-Q. 167. Do you recognize any difference be- 
tween adhesion and adsorption, as applied to the terms 
that I have stated? 

A. Yes, adhesion and adsorption are two entirely 
different things. 

X-Q. 168. J would like you to define the difference. 

A. Adhesion is the holding together of two dissimi- 
lar substances, whereas cohesion is the holding together 
of two parts of the same substance. Adsorption is a 
surface condensation or concentration as the case may 
be, and of course involves adhesion, but the two are not 
identical. That is, you have got,to live, but eating 1s 
not necessarily living. 

X-Q. 169. Well, can you point out the difference in 
the instances that I have given, where a coating of oil 
adheres to a metallic surface, and, as you put it, a coat- 
ing of oil is adsorbed on the metallic surface. 

A. When it is adsorbed, then of course it adheres, 
but the two are not the same, although both take place 
or may take place simultaneously; but as a result of the 
adsorption that substance adheres to the underlying 
particle. 

X-Q. 170. Can it adhere without adsorbing? 

A. I do not know, but I think not. 
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X-Q. 171. Now, in the instance of a highly viscous 
oil, you would get a thicker layer, wouldn’t you? 

A. You would get a thicker layer, yes. 

X-Q. 172. It would adhere to the metallic particle? 

A. It would. 

X-Q. 173. And, by reason of its viscosity, a thick, 
comparatively thick layer, would be obtained; is that 
right? 4.0. 

X-Q. 174. The adherence would be the result of a fre 

all i+ not, eethe-resel-ettie motecttas joree? 

A. It would result from the fact of the adsorption. 
If it were not adsorbed, as I said, J think it would not 
adhere. 

X-Q. 175. But it would be the molecular force would 
Menot, or the result of the molecular. forad? 

A. I would prefer not to talk about molecular force, 
because there you go off into a realm where you can 
speculate as much as you like without getting any- 
where. I prefer to stick right to the terms that I used. 
that it is adsorbed. Why it is adsorbed I do not know, 
but it is a fact that at the surface of any solid or liquid. 
you tend to get adsorption of a gas, or a liquid or of a 
solid as the case may be. And, that that adsorption is se- 
lective and varies with the nature of the solid, the liquid 
and the gas. . 

X-Q. 176. Can you give me an exact definition of ad- 
sorption? 

A. Adsorption is surface condensation or concentra- 
tion. 
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X-Q. 177. THE COURT: Would you say it takes 
place within the solid, too? 

A, You can have an adsorption of a solid by another 
solid. For instance, for polishing metal we often use 
rouge in water, and there the rouge acts as an abrasive 
and polishes the surface of the metal. If, by any acci- 
dent you let the rouge get dry, you will find that it will 
adhere very firmly to the surface of the metal and will 
spoil the polish. You have another case of At, of a simi- 
lar sort, in impttre mercury, where mercury flours. That 
may be due to the adsorption of grease—perhaps you 
wouldn't want to call grease a soiid—or you may have it 
with an oxidized film. The case I cited the other day of 
a dry glue with the glass, the glue could not pull the 
splinters out of the glass unless it were adsorbed by it. 
Of course one might say that dried glue is a liquid and 
not a solid, but in the case of the rouge you have an un- 
questioned solid. 

X-Q. 178 MR. WILLIAMS: In that oil layer 
whether we have adsorption or an adhesion resulting 
from an adsorption with a viscous layer or with any 
layer, there would also be cohesion, would there not? 

A. Certainly, between any two thicknesses or portions 
of the oil you will have cohesion. 

X-Q. 179. That is between the molecules and like sub 
stances there is cohesion? Am [ accurate? 

 ididitivsey that. no! 

X-Q. 180. Well, then, please define cohesion as you 


would like to define it. 
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A. Cohesion is the holding together of two parts of a 
like—of the same substance. [ did not say anything 
about the molecules; | dodge molecules wherever I can. 

X-Q. 181. What are the reasons for your opinion 
that in the instance that I have given you there is a sur- 
face concentration of the oil? 

A. Because under all circumstances so far as I know, 
where you have two surfaces in contact you do have an 
adsorption oX surface concentration of something there. 
Mat is, so far as | know, no surface can exist without 
adsorbing greater or lesser amounts of something. 
What that will be depends on conditions. You may 
have a surface adsorption of a gas, of a liquid or a 
solid; but you have no surface that does not show a 
certain amount of condensation, so far as we know. 

X-Q. 182. Now, in the instances that I have given 
you, what was the thickness of the layer in which ad- 
sorption occurred? 

A. I do not know; your layer may vary from a very 
thin one up to distinctly thicker one. I do not see that 
there is any ay in which you can speak of the different 
thicknesses of your adsorbed layer without describing 
your terms a great deai more accurately than you have 
yet done. 

X-Q. 183. Have you made any measurements of the 
thickness of the adsorbed layer of oil on metal? 

A. I have not, but T can give you all the references 
to them 1f you want. _ 

X-Q. 184. I have The Chemistry of Colloids, by W. 
W. Taylor. 
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A. I recognize the book. 

X-Q. 185. Will you take the statements in that book 
as fair statements of authority? 

A. No, I will not; not unless they are verified, 
because the book is a very bad book, written by a man 
who did not know his subject and who has arranged 
his subject in the worst possible order. Anyone writ- 
ing a book on colloids should begin with adsorption; 
while, if my memory does not fail me, he puts in a chap- 
ter on adsorption over towards the end of the book. It 
is written by a man who had very little knowledge of 
colloidal chemistry, who had done very little work. It 
represents an especially bad instance of hack work. Of 
course, I do not mean to say thereby that everything in 
it is wrong, because that would not be true, but you can 
not place any reliance on any statement in that book be- 
cause the author put it there. If it can be checked inde- 
pendently, well and good. 

X-Q. 186. J will ask you to read that short para- 
eraph on page 26, “Thickness of Adsorption Layer.” 

A. Out loud? , 

x-@: 187. No. 

A. J have read it. 

X-Q. 188. Will you accept that as authority? 

A. As authority in regard to what? On adsorption 
layer? 

X-O. 189. (ies. 

A. He is not talking about adsorption layer. There 
isn’t any adsorption layer here. He is talking about the 
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behaviour of water or any liquid, and not necessarily in 
the presence of gas or vapor, which would be adsorp- 
tion; and the surface layer that he is discussing under 
these conditions is not the adsorption layer that you 
would have in case you had either vapor or gas. It is 
an entirely different thing. 

X-Q. 190. Suppose you give me some of your au- 
thorities. 

A. For what? 

X-Q. 191. Thickness of the adsorption layer.. 

A. Certainly—hold on a minute. J said there wasn’t 
any such thing as a definite thickness of your adsorp- 
tion layer. I can give you the minimum values under 
certain conditions at which the adsorbed film can be de- 
tected, and I can give you various other values, but | 
can not give you any definite figure for the thickness of 
an adsorption layer, because there isn’t any such thing. 

X-Q. 192. I so understood it, but you can give some 
indication of it. Please do so. 

A. Minimum values. 

X-Q. 193. I think perhaps you had better start with 
the minimum values? 

A. The minimum value that has been accurately 
measured as affecting the properties of the substance in 
question is of the general order of one one-hundred mil- 
lionths of an inch, or three ten millionths of a milli- 
meter. 

X-Q. 194. Now can you give us the range of the ad- 
sorption layer? 
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A, dhe ead of the minimum values? 

X-Q. 195. No, the range of values within which the 
adsorption action is manifested? 

A. No, I can’t give you that. 

X-Q. 196. How far can you go above the minimum? 

A. Ican give you, as I said, different minimum val- 
ues; for instance I have here the smallest visible—the 
thinnest visible oil film is of the general order of one 
one hundred millionths of an inch. The oil film which 
is thick enough to change the surface tension of water 
is three times as thick as that. The film of albumin 
which is just thin enough to give you a so-called solid 
film on the surface is ten times as large as that, and we 
have other data of the same general order—those rep- 
resenting the minimum thickness. 

X-Q. 197. And you are talking now of a film on the 
surface:of water? 

A. The figure which I gave there was for the thin- 
nest film of oil on the surface of water which can be 
detected by optical means, and is one one hundred mil- 
lionths of an-inch, or thereabouts. [ can give it to you 
in millionths of a millimeter, if you prefer. 

X-Q. 198. I would rather have it in inches? 

A. Well, in round numbers it 1s of the general order 
of one one hundred millionths of an inch, unless my 
arithmetic is bad. 

X-Q. 199. And when you get to the amount of filin 
which will affect surface tension, as | understand you. 


it is in what figures? 
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A. Just about three times as large as the minimum 
one that you can determine. 

X-Q. 200. And what is the book you are referring 
to, and the page, please? 

A. The page from which J took those data is page 
278 of the book to which reference was made the other 
day, Freundlich’s Napillar Chemie. 

X-Q. 201. And that book is a book that you would 
refer to as an authority? 

A. Qh, dear, no. I would not refer to any book as 
authority. [ am merely quoting the references which 
he gives, and I am not quoting them on the authority 
of Freundlich at all. Yhese are simply the measure- 
ments given by certain observers, and J shall be happy 
to give you their names if you like, and they represent 
their conclusions. J do not guarantee the accuracy of 
them in any way, but simply they are the best available 
information, and they are probably not very far wrong. 

X-Q. 202. Is surface tension due to molecular force? 

A. | suppose in a sense you can say that everything 
might be due to molecular force. [ would not commit 
myself on the subject at all; I would simply take it that 
we have surface tension as a matter of fact, and J don’t 
Care at all how you get it. You see as a matter of fact 
you can get exactly the same results experimentally and 
quantitatively whether we consider that as something 
analogous to a surface film, like a rubber band, more or 
less roughly, or whether we consider that we are deal- 


ing with an internal pressure, the particles of the liquid 
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' tending to go to the center—those two things are funda- 
mentally different conceptions, but they lead, as far as I 
know, to exactly the same numerical results in regard to 
surface tension, and you can take one or the other as a 
working hypothesis to account for it, to suit yourself. 
There is no way that I know of of distinguishing be- 
tween those two hypotheses, and con:-equently it is a 
great deal better to take your facts as you have them. 
and not as thev nught be. 

X-Q. 203. I did not put any hypothesis to you? 

(0 )el, yes 

X-Q. 204. I put the simple question, whether surface 
tension was due to molecular force? 

A. That is a hypothesis. 

X-Q. 205. I ask you the question, is surface tension 
due to moelcular force? 

A. Ican’t answer that—I don’t know. 

X-Q. 206. Is adsorption due to molecular force? 

A. I don’t know. That is merely a question of defi- 
nition. 

X-Q. 207. Well, that is enough. 

ie Certainly. 

X-Q. 208. Mr. Kenyon has called my attention to 
the fact that in that part of Dr. Liebmann’s .testimony 
which I quoted, I should have read the next question, 
commencing page 1853, X-Q. 2053. “It is nothing 
else; it is simply phenol? A. It possibly contains a 
trace of water. It is a remarkable thing that phenol 
by itself.forms cresylate, melting at about 45 per cent; 
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fiat is, it Battie, but the part that is absolutely in- 
soluble has the qualities of oil, you must remember, with 
the water.” J have read that correctly, have I not? 

A. You have read that correctly. 

X-Q. 209. Now, has your study of the process that 
have you seen the process 


is here involved included 
here in suit operated on a commercial or continuous 
scale, and if so, when and where? 

A. You mean this agitation froth process? 

X-Q. 210. Of ore concentration ? 

A. Well, I strolled casually through the plant of the _ 
Butte & Superior Company the first Sunday afternoon 
that I was here. 

X-Q. 211. About two weeks ago? 

A. It must have been Sunday the 15th, [ think, and 
that is the extent of my knowledge of the technical proc- 
ess, if you can call that an extent. 

X-Q. 212. Now, I show you an article printed in 
“Metallurgical and Chemical Engineering,’ dated 
June Ist, 1916, pages 1631 to 1635, entitled “Ore Flota- 
tion,” a paper read at the joint meeting of both sections 
of the American Institute of Mining Engineers and the 
American Electro-Chemical Society, on May 12th, 1916, 
by Wilbwc D. Bancroft. Is that the paper that you read 
at that society at that time? 

A. It is, or rather this article is based on what I 
said there. I do not mean to say that I said everything 
in the talk that is in here, or vice versa, but this article 
is an article based on that lecture, written up from my 
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lecture notes, so that | imagine it gives substantially 
what I said at the meeting, but as I spoke from notes 
only, T would not want to guarantee that. 

X-Q. 213. I notice at the end of the article the words 
“Cornell University.’ Apparently as though this were 
something that was written at the university.and re- 
printed. Of course, I merely want to refresh your 
recollection about the matter? 

A. Not at all. I always put Cornell University at 
the end of all articles that ] write; I would do it even 
if I were to write an article out here before I went home 
——-which I am not going to do, by the way. 

X-Q. 214. Well, you wrote this? 

A. I wrote this, certainly. 

X-Q. 215. Now, I read from this article as follows— 
do you want to follow me? 

A. Well, I should like to have a copy; it will be 
easier to follow it; im fact I should like to keep it, be- 
cause I haven’t a copy myself. 

X-Q. 216. We can spare that one; you may have it. 

eink sou, 

X-Q. 217. “When discussing the theory of ore flo- 
tation people are apt to lay more stress upon surface 
tension in general and upon contact angles in particular. 
While this is entirely legitimate, it seems undesirable, 
because we cannot measure a contact angle with any ac- 
curacy, and because the actual existence of a contact 
angle is a matter of doubt.” Have T read that cor- 
rectly? 
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ee VOU lave, 

X-Q. 218. Was that your opinion at the time that 
you wrote this article? 

A. It was. 

X-Q. 219. Is that your opinion now ? 

A It is. 

X-Q. 220. 1 will now read also from the article a 
foot note, referring directly to the part that I have read: 
“Rayleigh Scientific papers, three, 354, 1902." That is 
correct? 

A. That is correct. J should like to add one state- 
ment, which may or may not have a bearing on this: | 
wrote this article, but J did not read the proof of it, so 
that it is possible that there may be some typographica) 
errors. { don't know that there are. 

X-Q. 221. From page 634 of the article | read as 
jollows: “So iar we have been considering the case 
fymere we have a fair amount of oil. If we cut the 
amount of oil down (almost to the vanishing quantity), 
another factor comes in, namely, air flotation. When 
sufficient quantities of oil are used the air floats the oil 
and the oil floats the ore. The ore is enclosed in a drop 
of oil having the properties of the matter in mass, and 
sinks to the bottem of the drop of oil, distorting it to 2 
greater or lesser extent. If the amount of oil is de- 
creased sufficiently we no longer have an oil drop sur- 
rounding the particle of ore, but an oiled particle, the 
lower part of which 1s, or may be in contact with water, 
while the upper part is in contact with air. We are, 
therefore, getting air effect in addition to the oil effect. 
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I do not know the relative importance of these two ef- 


fects, but it has been claimed—and disputed—that 


modified air flotation is very much greater than thie 
other.” Have I read correctly from your paper? 

A. You have read correctly. 

X-Q. 222. Did that at that time represent your 
views, your opinion? 

Pree idicd: 

X-Q. 223. Is that your opinion now? 

A. I think I would word that a good deal different- 
ly now. 

X-Q. 224. I will read further, and immediately fol- 
lowing what I read: “In the Wood & MacQuisttsn 
processes there is no doubt that the separation would 
be more effective if it were possible to cover the ore 
particles with a thin covering of stearin, leaving the 
gangue particles uncoated. It is very difficult to wet 
the stearin coated commercial copper and aluminum 
powders, and it is therefore very difficult to make them 
sink under water. In modern processes of ore flotation 
using very little oil per ton, you get a thin coating on 
the ore, analogous to the stearin coating on the copper 
or the aluminum powder. It is possible that the air 
film may surround the oil particle completely, so that the 
oil does not come in actual contact with the water. In 
that case we are back to a straight air flotation of the 
oiled particles. This point calls for further study, be- 
cause, if established, it will have a very important bear- 
ing on the future development of the subject.” Have f 


read correctly from your article? 
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my You have. 

X-Q. 225. Did that then express your views? 

A. It did, but it does not now. 

X-Q. 226. Does it now? 

A. It does not. 

X-Q. 227. I will read further, unmediately follow- 
ing: “It is under these circumstances that the addition 
of more oil causes the ore to cement together and to, 
sink. The reason for this will perhaps be seen more 
easily 1f we consider the analogy of sand and water. 
When enough water is mixed with sand you get a 
quicksand, over which it is unsafe to walk. With only 
alittle water you get a plastic mass over which it is a 
pleasure to walk and out of which children can make 
forts and pies, a 

A. I will endorse that still (laughing). 

X-Q. 228. “When the sand dries out, more air gets 
in between the grains, and walking becomes hard, 
though the sand is by no means dry from a chemical 
point of view. When the amount of oil around the ore 
particle is sufficiently small, the air gets in and makes 
a froth possible; with more oil you get a plastic mass; 
with still more you get the bulk oil process.” Have 
correctly read from your article? 

i You have. 

X-Q. 229. Did that represent your views at that 
time? 

A. Inasense, yes. It might be said more accurately 
to represent what Dr. Grosvenor told me the afternoon 
before the lecture. 
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X-Q. 230. Does it represent your views now? 
A. It does not. 
MROWVEELIANS: That seal. 


ReaD RECT eae TON: 
PyeviKe SCOTT: 


R-Q. 231. Have you any comment to make, Profes- 
sor Bancroft, on the passages from this article which 
were read to you, about ore flotation ? 

A, [think the simplest way of dealing with this ar- 
ticle is to say that it represented my views at the time | 
wrote it; that all parts in it which are inconsistent with 
the testimony that [ gave yesterday are wrong to the 
best of my knowledge and belief, and very likely cer- 
iain other portions in it are also wrong. With those 
exceptions it represents my views today. 

R-Q. 232. Can you describe any experimental proot 
at the existence of viscosity in the surface film? 

A. That can be measured in different ways. [Hf you 
suspend a needle by a fine string and Jet it go down into 
the mass of a liquid, and then cause it to swing by 
means Of a magnet or in any other way, vou will find 
that you get a definite rate of damping, as it 1s called. 
or slowing down of the swing of the needle. Tf you do 
that same thing in the surface of a solution where the 
surface tension is lower than that of the pure liquid, and 
where the surface film is suposed to have an increased 
viscosity, you find that the needle comes to rest very 


much more quickly, showing that there is a distinctly 
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ereater resistance to the swinging of the needle. That 
experiment can be modified in all sorts of ways, but it 
comes to much the same general thing. The existence 
of a film at the surface having a lower surface tension 
than the mass of the liquid can also be shown very 
easily, because if you produce suddenly a fresh surface 
from somewhere in the mass of the liquid, that would 
then give you, on a momentary reading, a surface tet- 
sion corresponding approximately to that of the con- 
centration in the bulk of the liquid; it won't do it absc- 
lutely because it would be changing right along; conse- 
quently you would expect to find, if you made a rapil 
measurement of the surface tension of a fresh surface, 
say of a saponin solution or a soap solution, that it wit? 
be higher than if you measured it on an old solution = | 
can give you some more data in regard to that if you 
wish it. T!.cse data are on page 56 of the same book to 
which reference has been made before, Freundlich’s 
Kapillar Chenie. These are determinations at room 
temperature of a saponin solution; the value of the 
surfaceXtension of a fresh surface is about 73, while 
the surface tension of water is about 75; it is nearly "1p 
to the value of pure water. The value of an older sur- 
[Mee is 92: thus the difference between the surface te: 
sion of the mass of the liquid when measured as rapi-ty 
as you can, and the surface tension of the su-face fii 
is the difference between 73 and 52, showing, you sec 
that there has been a concentration of the saponin 1 
the suriace film. There are other data here, but that 
one will do as an illustration. 
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MES Coa © that is all: 

h-O 23s DHE COURT. When did) yourcorm- 
mence lecturing on flotation? 

A. Inthe autumn of 1912, and I have been carrying 
that out, a little under a lecture to a little over a lecture 
on flotation ever since then. 


IRRE-CROSS-EXAMINATION. 
IB NIRS WELT A iSe 


RX-Q. 234. Just one part of your testimony here | 
don’t quite understand. On page 1092 in describing a 
certain experiment you say that the materials that you 
used, you were told contained 1% mineral in one ex- 
periment, and in another experiment that it contained 
65% mineral. Do you mean the metal or the metalif- 
ferous mineral? 

A. I] was told that in both cases the content was 1% 
mineral and 65% mineral. What it really was, I said 
1 didn’t know. 

RX-Q. 235. Of course you know it is customary to 
state the values in the metal, as for instance 1% zinc 
sulphide, would be .66% zinc; and these values are cus- 
tomarily stated in the metal, and we have to add to that 
what the sulphur would add. You did not do that in 
this instance, did you? 

A. J don’t think that can be true. If that were true 
of the concentrates, the concentrates would be pure 
zine sulphide. JI don’t know—the figure that was given 
to me in both cases was 1% mineral and 65% mineral. 
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Whether it was that or whether it was anything else be- 
tween 100 or one-tenth of 1% I have absolutely no 
knowledge. I didn’t analyze them. 


WIENESS ExCuUsSiD. 


MR. SCOTT: Mr. Williams has submitted to me a 
form of agreement that we are agreed upon as to the 
manner of presenting this testimony regarding mill 
operations. [ will just read it as it is written, I think, 
and will let it go into the record: 

“We are willing to enter into a stipulation with the 
defendant respecting the testimony of Mr. Dosenbach 
and other witnesses with respect to operations at the 
Butte & Superior plant to the following effect: 

“We are to be ‘furnished with a flow sheet of the de- 
fendant’s mill with respect to any operation about which 
the witness is to testify. 

“We are to be permitted to inspect the mill in order 
to see how the plant is operated,’so as to ascertain the 
source of the important details from which determina- 
tions are to be made. 

“We are to be shown whatever typical original re- 
ports of the different steps in the operations and of dif- 
ferent characters and kinds of original reports and com- 
pilations thereof we demand. 

“After which Mr. Dosenbach and other witnesses as 
to operations and results at the Butte & Superior mill 
may testify to compilations made up by the witness and 
from data from other sources than his own personal 
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knowledge, provided the defendant undertakes to furn- 
ish the original and best evidence as to anything so tes- 
tified to by the witness that we demand, and if the de- 
fendant does not do so the testimony not thus justified 
shall be stricken from the record: 

“Provided that cither party may produce witnesses as 
to regular operations and results at other mills than that 
of the Butte & Superior without producing the original 
or best evidence 1f such witness has inspected the opera- 
tions m question and the results and has knowledge of 
the details derived from inspection of the regular re- 
POrts OF Otliercmade atthe time. 

‘And we are mutually agreed to enter into that ar- 
Pratie CIneit. 

VEE COU he record iiay shows that 

MR. GARRISON? 1 only want tomsay, tmcommce 
tion with this stipulation, your honor, that has just been 
entered into, that we wish to advise counsel on the oth- 
er side that 1f they propose producing Mr. Dosenbach 
or any other witness with respect to the Butte & Su- 
perior mill and its operations we shall require sufficient 
notice and opportunity to mspect the mill within a 
reasonable time before the testimony of the witness, 
eo that they may not be surprised that we object if we 
had not been given that reasonable opportunity. | think 
it is proper to say that at this time. 

MER. IRIEMEIER: In pursaanee of the motice just 
given, we desire to state that we will produce Nit. 
Dosenbach as a witness and under the stipulation just 
entered into certain matters would he necessarily avail- 


able to vou, and vou desire an inspection of the imill. 
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We now tender you that privilege, and if it would be 
satisfactory, and satisfactory to the court, you may 
make that inspection today, this afternoon. 

MR. GARRISON: Oh, we could not possibly make 
it in so short a time as from the adjournment of court. 
We shall need a very much longer time than that. 

THE COURT: I suppose they will allow you to go 
in any time. 

MR. GARRISON: He said today. 

MOR KREMER: Yes. 

MR. GARRISON: But you see our men who are at 
all available will be here in court until something like 
four or five o'clock. 

THE COURT: [ don’t suppose they will limit you 
to one day. 

MR. GARRISON: He said today. 

MR. KREMER: My statement carried with it the 
suggestion that they might take this afternoon if it 
would save time. I have no doubt your honor would be 
willing they should take it. 

MR. GARRISON: We do not want to be limited to 
any brief time. When do you propose to produce Mr. 
Dosenbach? 

MR. KREMER: Monday. 

MR. GARRISON: Can we have the inspection on 
Sunday ? 

MR. KREMER: Yes, | think so. |] do not want to 
say that they can have it and then have a part of the 
mill shut down. | 

MR. GARRISON: We can’t possibly do it in two 
or three hours. 
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MR. KREMER: Have all day tomorrow. 

THE COURT: Haven’t you had an inspection? 

MR. GARRISON: No, sir. 

MR SGRE MER: The mill eel be running alltday, 
tomorrow. | 

MR. GARRISON: Then we may have the inspec- 
tion tomorrow? 

ATR. KREMER: Any time you please. Will you 
designate who will make the inspection for you, and the 
eime ? 

MR. GARRISON: JI will give all of that after re- 
cess; I will fix it at lunch so as not to keep the court 
now, while we confer. Is that satisfactory? 

Pee COURTS Yes: 


EK. W. ENGELMANN, recalled on behalf of the 
defendants, having been previously sworn, testi- 
fied as follows: 


DIRECT EXAMINATION. 
SwevikescOlrl: 


QO. 1. Mr. Engelmann, will you first state what rec- 
ords, and what is the extent of the information you 
have with you, so we will know before we start. 

A. I have the result, the tonnages, the assays and 
the amount of oil used for every day since the begin- 
ning of operations in 1914. 
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Q. 2. THE COURT: Has this witness been on the 
stand before? 

fie WITNESS: Yes, sir. 

Q. 3. THE COURT: What company are you 
trom? 

A. The Ray Consolidated Copper Company, Hay- 
den, Arizona. 

QO. 4. MR. SCOTT: I think you stated your em- 
ployment and education when you were on the stand 
before, didn’t you? 

A. Yes, sir. 

O. 5. Now, you—if you were asked about the details 
of any particular day that occurred in these quarterly 
periods you can give that information, can you, as to 
the particular days? 

A. Yes, sir. 

QO. 6. Regarding the amount of oil or other factors? 

fe | can. : 

Q. 7. What kind of material do you treat by flota- 
tion at the Ray Consolidated Copper Company ? 

A. We have two different products; one we call our 
retreating plant feed. It consists of a concentrate made 
on the vanner. The other is our slime vanner tailing, 
which is the tailing from the slime vanners. 

Q. 8. About what tonnage do you treat per day? 

A. We treat approximately 7,000 tons of slime van- 
ner tailings per day and 350 tons of retreating plant 
feed—that is, by flotation. 

Q. 9. Have you a summarized statement of the opera- 
tions on these various concentrating products? 


32360 Minerals Separation, Limited, et al., vs. 
He VV fineelnsann: 


Po itive Do younwant it for montis or quanter 
or years? | 

Q. 10. Quarters [ think will do to start. Will you 
just read the title of the paper you are going to refer to, 
so we can identify it? 

A. “Ray Consolidated Copper Company, Hayden 
plant, Flotation Operations Retreating Vanner Concen- 
trate: Products. 

©. 11. Now what period of time does that statement 
cover? 

A. From the last quarter of 1914 until the first of 
ol Ol, 

QM. 12. You were in charge of those operations 
throughout this pertod or were familiar with them? 

A. Twas in charge of the operations throughout the 
entire period. 

Q. 13. The first column there of this tabulation sets 
forth the total tons treated by flotation in each of the 
periods mentioned, | take it, from the heading? 

x, alidoes. 

(). 14. The second column is the assay of the copper 
in the heading. Now the No. 2 columns there, they are 
the tonnage and the copper assay of the flotation concen- 
trates? 

AG yan 

©. 15. Now, under the heading “Tlotation” you 
have “Copper Recovery.” Will you explain the head- 
ing, the average of those two columns? 

A. Under the “Copper Recovered” we have “Appar- | 
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ent’ and “Estimated,” but in this particular case we de- 
rive our flotation tonnage of concentration from our 
ratio of concentration which is derived from our assay. 
So consequently our apparent recovery and estimated 
recovery are both derived from the formula as given in 
one of the engineering journals that we adopt through- 
out all our plants and are practically the same. 

Q. 16. Now, “New Oils Per Ton.” The heading of 
the next column there: I take it that simply refers to 
the actual measured or weighed amount of oil that 1s 
fed into the pulp per ton of solids in the pulp? 

Pe Y CS, sir. 

Q. 17. Now, we come to the heading ‘‘Oil Assays.” 
Will you explain that? “Flotation Heads, Including 
Circulatied Loads’’? « 

A. The column “Flotation Heads, Including Circu- 


) 


lating Loads,” represents the amount of new feed plus 
the circulation tonnage against the amount of new oil, 
plus the circulating oil. That actually represents the 
pounds or per cent of oil in the total feed. The next 
column, the “Concentrate Assay,” represents the per 
cent of oils that go to our final installation in the con- 
centrates; and the third column represents the per cent 
of oil that is in our tailings, going to waste. 

©. 18. How do you measure the circulation ton- 
nage ? 

A. These circulation tonnages are measured at in- 
tervals of every hour in special tubs built for measure- 
ment. These tubs are 6 feet in diameter and approxi- 
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mately 5 feet high. We run the total feed into these 
tubs for a period of two or three minutes and take the 
per cent of solids at the same time we run the feed into 
the tub, thereby referring to the table, we have compiled, 
we get the tons of solids per day circulating. 

©. 19. You maintain a steady and uniform feed from 
day to day? 

Pee ve do. 

Q. 20. How are your circulating loads sampled and 
determined for oil analysis? 

A.. I can best 9xplain that by reading our method. 

Coe cionc, sossibly it would be better to explain 
the arrangement of the flotation plant. Have you any 
sketch that will serve for a flow sheet? 

A. I have. i submitted one the last time for this 
plant, but I have another one here. 

Q. 22. You gave one to counsel the other day? 

A. No, [ didn’t get it. Here is one here, though. 

Q. 23. What one are you going to use to put in evi- 
dence ? 

A. There is one in evidence already. (Exhibit No. 
+5.) 

QO. 24. Now, | think you conmented on this some the 
other day, but [ think in order to get this clearly before 
us you might briefly refer to it again. Maybe if you 
put it om the «desk the court could see it al thes gie 
time you are explaining it. 

MR. WILLIAMS: [ will lend your honor my copy. 

A. The original feed goes into a small pump sump, 
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and is pumped from there into the back of the first 
emulsifier. We have two emulsifiers in series. The 
discharge from the emulsifier is evenly distributed be- 
tween five cells in multiple. These are Janney and me- 
chanical flotation machines. And we make a finished 
concentrate on the five cells in multiple. The tailings 
from each individual cell in multiple join as one product 
and go to a series of five cells in series. The froth or 
iniddlings from these five cells in series goes back and 
joins our original feed, this getting to the head of the 
first emulsifier. The tailings from the last cell in series 
20 to waste. The oil is added at the sump, where the 
original feed and circulating load go to the pump. Now 
we will come back to our question as to how the circu- 
lating loads are sampled and determined for oil analysis. 

Q. 25. Will you make an indication on here as to the 
position ? 

Ee YES. 

Q. 26. If you wish to, then we will have it all on the 
one exhibit. 

A. “Method for Sampling and Determination of 
Oil in Pulp Used at Ray Consolidated Copper Company, 
Hayden Plant. Hayden, Arizona. 

“Sampling. Samples are taken by hand in a metal 
sample cutter. The form and principle dimensions are 
as follows: The body of the cutter is cvlindrical in 
shape approximately four inches in diameter and eight 
inches high. The cutter is held in hand by a loop han- 
dle similar to the usual tin cup handle. Opposite the 
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handle its placed a spout extending at the top nine inches 
from the bowl and tapering from this outer edge to the 
bottom of the bowl with parallel sides one inch apart. 

“In sampling this cutter is moved across the stream 
of pulp at such a rate as the sampler knows by experi- 
ence will furnish a sample containing approximately one 
hundred grams of solids. This sample is transferred to 
a white enamel pan and brought to the laboratory for 
Presi. 

“Determination of oil: The samples are immediately 
filtered upon receipt in the laboratory. This is per- 
formed in a Buchner funnel with suction. The pulp 
still moist upon the filter is then treated with successive 
small portions of chloroform which almost completely 
removes the oil, the latter being caught in the filter 
flask in chloroform solution. 

“The chloroform is displaced uopn the filter contents 
with water and the pulp is removed to a low tempera- 
ture drying oven (temperature 140° I*) and dried over 
night. 

“The chloroform solution of the oil 1s separated from 
the water in a separatory funnel and placed in a small 
weighed flask. The chloroform is then distilled from 
the flask through a deflegmation head and recovered. 

“When the distillation of the chloroform is almost 
completed, the flask is removed and the evaporation of 
the remaining choloroform accomplished by very gently 
warming with a soft flow of air into the flask. After 
cooling, the flask and contents are weighed and weight 
of oil noted. 


: 


Butte & Superior Mining Company. 3241 
E. W. Engelmann. 


“When dry the pulp is weighed and thoroughly mixed 
by rubbing in a glass mortar. Thirty grams are 
taken for extraction dry in a Soxhlet extractor and after 
extraction the oil recovered is weighed in small flasks, 
the chloroform being removed by evaporation as with 
the oil extracted wet. 

“The weight of oil extracted dry,is calculated to’ the 
equivalent for the whole sample and added to the 
amount previously recovered. 

“The percentage of oil in dry pulp is then calculated 
from the total weight of oil and the weight of solids.” 

QO. 27. MR. WILLIAMS: Now, you have read 
that from a document which you had before you. Did 
you write that yourself or dictate that? 

A. No, sir; that was dictated by Mr. Johnson, our 
pileexpert. 

MR. WILLIAMS: I suppose he knows more about 
that particular thing than you do, and vou thought you 
would rather have his views? 

A. Absolutely. 

Pee oCOTT: If you object to it, | amy not at all 
particular. 

MR. WILLIAMS: No, I do not object. 

THE COURT: What is this? 

THE WITNESS: Analysis of oil determination. 

MR. WILLIAMS: It is highly technical. I wanted 
it to appear that he was not testifying to it, but was 
reading what his oil expert said, to which I have no ob- 
jection. 
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OrZ ait COUR]. Mhisis the oll imthe cinch. 
lating load? 

A. Yes, sir, and in the concentrates and in the tail- 
ings. 

©. 29. MR. SCOTT: And at what point are those 
samples taken for oil analysis, referring to this flow 
sheet? You might place a letter at each place you sam- 
ple so that we will know. 

A. “A” represents the tub where we measure our 
circulating load. “‘B” represents the point at which we 
take our sample for oil determination in our concen- 
trates. “C” represents the point at which we take our 
determination for oi] analysis in our tailings. 

Q. 30. How do you measure the new oil that you 
add? [think you said at the pump sump. 

A. It is added at the pump sump, but it is measured 
by a circular tank which has a reservoir, and we have 
a gauge glass graduated in eighths and quarters and 
halves and inches: and these are read at intervals of 
each hour, and the oil is fed with a mechanical feeder. 
These oils are checked against our total oil consumption 
for the month in our large storage tank out of the mill. 

QO. 31. Will you state what quantities of oil you have 
used during the period flotation has been operated—l 
mean the range of quantities and when you changed 


from one quantity to another—that is, any marked 
change. I see up to the end of 1916 your quantities ran 
quite uniformly. Then beginning with 1917 they in- 


creased. 
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A. Well, for the last quarter of 1914 to the end of 
the year 1916 our oil has only varied from 3.22 pounds 
per ton at the minimum to 5.28 pounds per ton maxi- 
mum, for that period of time. After the year 1916, 
beginning January, 1917, we used 20.02 ibs. per ton, 
and in the month of February we used 18.77 Ibs. per 
ton. From then to March we used 21.19 Ibs. per ton. 

Q. 32. Referring to the columns giving the assay of 
the concentrates and tailings and recovery, will you 
state in a general way how the results that you have ob- 
tained since January 1, 1917, compare with those prior 
miereto? 

A. For the years and quarters previous to 1917 we 
have maintained a slightly better grade of concentrates 
than we did to the year 1917. Our tailing has been— 
Well, for the year 191X' we made a .617 tailing; for the 
year 1915 we made a .502; for the year 1916 we made a 
.375 and the year 1917, when using excess oil, we made 
a tail of .412. That is, including the month of March, 
Now, in the year 1914 we made a 92.94% extraction 
using 4.31 ibs. of oil per ton. The year 1915 we made 
93.43% extraction using 4.21 lbs. of oil per ton; the 
year of 1916 we made 94.69% extraction using 3.36 
Ibs. of oil per ton, and for the first quarter or up to the 
first of April of 1917 we made 95.42% extraction with 
20.1 Ibs. of oil. Our extraction for the year 1917 has. 
been the highest we have maintained since the begin- 
ning of operations. 


QO. 33. How many pounds of copper per ton does the 
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difference between 94.69% recovery in 1916 and 
95.42% recovery for the first quarter of 1917 repre- 
sent? 

A. Well, according to my figures [ have saved for 
the year 1916, 105 lbs. of copper per ton, and during the 
vear N917 122 lbs. of copper per ton, 

QO. 34. That is 17 Ibs. more in 1917? 

A. Seventeen pounds more. 

Oro. —wemione 

Pee CS: 

Q. 36. Now, [| notice that in the first quarter of 1917 
you treated 28,913 tons. That would be a saving of 17 
ths. of copper for each ton in 1917 as compared with 
1916, on the basis of these two recoveries ? 

Peery es, Sit. 

(). 37. About how much additional expense is in- 
volved in this extra oil you are using; about how much 
does that cost additional ? 

A. Well, we changed our oil proportions. Previous 
io the year 1917 we. were using—well, we were using 
75% of Barrett's No. 4 and 25% of fuel oil. That was 
the general trend of operations during that year. And. 
during the year 1917 we changed our oil to 90% fuel 
oil and 10% Barrett's No. 4. Now the Barrett’s No. 4 
is our expensive oil and our fuel oil is very cheap oil, 
but as far as the cost of oil per ton, | teal havemeven 
figured it. Our fuel oil only costs us 3% cents a gallon 
and our Barretts’ No. 4 costs 36 cents a gallon, so we 


have used quite a large proportion of the fucl and cut 
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down on the Barrett’s, thereby cutting down our oil cost 
considerably—that is, the mixture. 

QO. 38. What different kinds of machines have you 
used, and what were the tonnages when running with 
20 Ibs. of oil or over, during the first quarter of this 
pear? 

A. That is, you are speaking of the machines used 
in the retreating vanner concentrates ¢ 

Om > 1 és, coniinelit tomnaidor the present. 

A. We have only used the one machine on vanner 
concentrates and that is the straight Janney Mechanical 
Machine. 

O. 40. What kind of apparatus did you—do you use 
in treating the slime vanner tailings? 

A. Well, we have three different kinds of machines. 
Our plant is composed principally of the Janney Me- 
chanical Air Cell. It is similar to the mechanical ma- 
chine only it has the air basket in the spitzkasten. Then 
we have what we call a straight air machine which ts 
similar to the Inspiration type machine. 

M. 41. You may describe that briefly, the straight 
air machine. 

A. | have— 

Q. 42. (Interrupting.) [ think the description will 
He enough without any drawing. 

feel have the drawme here if you want i, lis 
simply a long, rather narrow machine. The compart- 
ments are approximately three feet square and we have 
Pe ccils 10 series. 
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Q. 43. How is each cell made; what is its construc- 
tion, how do you put the air in it? 

Ale acnreellehas a filter nmedinnimat the bottom: 

©. 44. A porous bottom of some kind? 

A. Yes. And the air is injected through this poreus 
bottom and coming in contact with the pulp, and each 
cell has an overflow launder for the concentrates, and 
the tailings from one cell go to the next, right down 
through the 16 cells, until we have the final discharge 
at the last cell, and this total concentrate is considered 
one product, our Porn concentrate; it 1s recleaned in 
six cells of similar type, a recleaner. The tailings from 
this cleaner come back to the ninth or the middle part 
of the roughing machine. 

Q. 45. Have you got the diagram of flow sheet of 
that? 

A. | have, right here. These are separate platforms, 
numbered 1 to 16. 

ine feed comes in at the head or cell No. aescom 
that cell we receive a concentrate and the tailings go to 
No. 2 and No. 3 and No. 4 and on until we get final 
discharge from cell No. 16, which is the tailings to 
waste. The concentrate passes from all these cells com- 
bined as one product and goes to our retreating ma- 
chine, which is the same machine only six cells in series. 
The concentrate from the six cells in series or the re- 
treating machine goes out as a finished product. The 
tailings come back to cell No. 9, or practically the niud- 


dle of the roughing machine. 
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Q. 46. Where is the oil added to the pulp in this air 
machine? 

A. It is added with the pulp at the head of No. 1 
Gell. 

Q. 47. And where are samples taken for oil, assay, 
etc. © 

A. The sample for oil assay is taken—‘‘A” would 
be right in the cleaner tailings, circulating back, and 
“B” would be the concentrate product from the clean- 
ing machine. I think we have an assay on out tailings 
in that machine. Yes, Witavesone.) © 1s tle assay 
of the tailings which goes to waste. 

Q. 48. Now, you have other machines in the slime 
production you said? 

ee eS, 

MR. SCOTT: I think I will offer this in evidence, 
this being entitled “Ray Consolidated Copper Com- 
pany, Air Machine Treating Slime Vanner Tailings”. 


The paper admitted in evidence and marked 
DEPENDANT S BXRIBIT 14° 


Q. 49. Now, if you will describe the other machine. 

A. Our main installation treating plant treats 7000 
tons of slime vanner tailings per day, the concentrate 
of the Janney Mechanical Air Machines. We have the 
flow sheet of that which is somewhat more difficult to 
follow than the previous flow sheet submitted. 

Q. 50. You might produce that flow sheet, please. 


(Witness produces the sheet.) 
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Q. 51. What tonnage passes through that air ma- 
chine you just described? 
A. We treat from 300 to +15 tons, T think, per day. 
ma aler day? 
ome ec Sil). 
Ceo nd this is by fay the lareer parteot mnie 


K 


slime plant ? 

A. This is practically the whole slime plant out- 
side of the air machine. This set of machines treat 
practically 7000 tons of ore per day. We have two 
pyramids. 

Q. 54. Just explain how you use that word “pyra- 
mG 

A. Well, it consists of one cell above the other, the 
original feed coming into the first row of cells, the tail- 
ing from that row of cells goes to the next row and 
the tailing from that to the next one, and the tailings 
from the last row, to waste. Just four machines in 
series, one above the other. 

©. 55. And that machine at the ridge, part of the 
tailings from that go each way, part goes down to the 
machine on one side and part to the machine on the 
other ? 

A. Yes, equally divided to both sides of the pyra- 
mid. 

O. 56. And what does cach of these circles with an 
“Xin it, represent? 

A. The machine, represents one row of machines. 
QO. 57. The Janney agitating type machine? 

A. Mechanical air machine. 


Ge 
ho 
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Q. 58. You have written on this drawing eight rows 
of cells. [ take it that this drawing simply represents 
one row? 

EX, YES: 

Q. 59. Have you a photograph of it? 

A. Yes, I have. There is the side. 

Q. 60. Altogether how many of the Janney cells are 
there in this whole system? 

A. There are 140 roughing cells and 45 cleaning 
cells. 

Q. 61. Now, will you describe the flow of the pulp: 

A. The feed and oil go to two emulsifiers. 

Weo2. Where are they? 

A. They are at the head of the pyramids in mul- 
tiple. 

QO. 63. Represented by this machine, that box there? 

A. No, no, they are in a pit, below the pyramid, 
and the discharge from the emulsifier goes to elevators 
which elevate the feed up to the first row of cells of 
the pyramid. Our original feed goes to the first row, 
and from there the tailings is distributed evenly to 
both sides; it goes to another row. The tailings from 
the second row go to the third row, and the tailings 
from the third row go to the fourth row, and the tail- 
ings from the fourth row go to waste. The concen- 
trate produced by the first, second and third rows 
make up what we call the rougher concentrate. The 
concentrate from that fourth row circles back to the 
head of the elevators which feed the first row. The 
rougher concentrates go to two elevators and are lifted 


ee) 
bo 
Cy 
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primary cleaners go to one elevator and from there 
through 5 multiple cells followed by five multiple cells, 
followed by five more multiple cells, and the tailing 


from the first five go to the second five, and from the 
second five to the third five, and the tailings from the 
third five go back to the head of the primary cleaning 
system. The concentrate from the secondary cleaning 
machines go to filters as a finished product. 

O. 64. About how fine is this material that you 
speak of that 1s treated in the slime plant? 

A. Approximately two per cent on a 65 mesh, and 
seventy per cent through a 280 mesh. 

Q. 65. How about the material treated at the re- 
treating vanner concentrate; about what is the screen 
analysis of that? 

A. 6.12 per cent on a 65 mesh and 45.6] through 
a 280 mesh. 

MReSCOl1:) 1 ofter the first tabulation retcrce 
to by Mr. Engleman, the one entitled “retreating van- 
ner concentrate products? 


Tabulation admitted in evidence without ob- 
jection and marked DEFENDANT’S EXHIB- 
i New 50. 


QO. 66. Have you a tabulation of the operations of 
treating the slime vanner tailings by flotation? 
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m. | have, 

QO. 67. What period of time does this tabulation 
cover? 

A. From the second quarter in 1915 to March 26th, 
inclusive, 1917. 

Q. 68. I notice on this tabulation that beginning in 
the month of January, 1917, the amount of oil was in- 
creased. Wall you just briefly compare the recoveries 
and assay of the concentrate before and after the in- 
crease in the amount of oil? 

A. During the year 1915 we consumed 1.71 pounds 
of oil per ton. Our tailings assayed .572, which would 
indicate an extraction of 38.2. During the year 1916 
our consumption of oil was .85 pounds per ton and the 
tailing assay was .419, indicating an extraction of 
45.64. During January 17th and 18th, 1917, our coal 
tar consumption was 20.3 pounds per ton and our tail- 
ing assay was .465, with an indicated extraction of 
43.56. During the month of February 8th to 28th, a 
period of 20 days, we consumed 20.1 pounds of oil per 
ton, maintaining a tailing of .375, with an indicated 
extraction of 45.25. 

©. 69. Now, what kind of machines were those op- 
erations conducted in for those two periods January 
17th and 18th, and February 8th to 28th? . 

A. For the period of January 17th and 18th, we 
inade the runs with our pyramid installation, that is, 
the machines treating our big flotation tonnage. The 
period between February 8th and 28th inclusive, we 
made the runs on the air machine which was described 
previously. 


S252 Afinerals Scparation, Limited, et al., vs. 
BO Wo Encelinann. 


Q. 70. What makes the difference between the grade 
of the concentrate on January 17th and 18th, as com- 
pared with February 8th to 28th? 

A. On January 17th and 18th during the run our 
flow sheet was practically the same it is ordinarily, as 
we had two recleanings, a double system of cleaning; 
but for the period February 8th to 28th the air ma- 
chine is so arranged that we get only one cleaning, and 
we maintain a concentrate equally as high as our nor- 
mal grade of concentrate from the primary cleaner: 
that is to say, the normal operation in previous years 
from the primary cleaner concentrate was an average 
between eleven and a half and thirteen per cent. 

Q. 71. Then all these entries after the first, during 
the year 1917 represent operations with one cleaning? 

A. No. 

Q. 72. Will you state just which ones represent one 
cleaning and which represent two cleanings? 

A. Well, January 17th and 18th, there were two 
cleanings. February 8th to 28th there—that was only 
one cleaning. March Ist to 14th there was only one 
cleaning, and March 15th to 17th there were two clean- 
ings; March 20th to 26th were two cleanings. Now the 
result: On January 17th and 18th and February 8th 
to 28th and March Ist to 14th the results were ob- 
tained with one oil, while the results from March 15th 
to 17th and March 20th to 26th were obtained with an- 
other oil. They were both mixtures, both of these oils. 
or was it a single oil? 

A. March 17th and 18th, February 8th to 28th. 
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March Ist to 14th were obtained with straight coal tar. 
For the other periods, March 15th to 17th were ob- 
tained with fuel oil principally, and a small amount of 
Barrett’s, and the results from March 20th to 26th 
were obtained with flotco No. 20, and floteo No. 21. 
I have an explanation of the machines, how many clean- 
ings and the product received at the bottom of the re- 
port. 

MR. SCOTT: I! offer this table entitled “Ray Con- 
solidated Copper Company treating slimes vanner 
heading and slime vanner tailing.” 


Tabulation admitted in evidence and marked 
DEFENDANT’S EXHIBIT No. 151. 


MR SCOTT: I offer the flow sheet referred to by 
the witness, entitled, “Janney Mechanical Air Cells of 
Pyramid Installation Treating slime vanner tailings.” 


Tabulation admitted in evidence and marked 
BBE ENDANT’S EXHIBIV No. 152: 


MR. SCOTT: I offer in evidence a photograph of 
the pyramid machines referred to by the witness. 


Photograph admitted and marked DEFEND- 
ANT’S EXHIBIT No. 153. 


QO. 73. Will you describe any experiments you have 
performed with different amounts of oil and what the 
purpose of performing those experiments was? 

A. We performed experiments using different 
amounts of oil both for the retreating plant feed and 
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aur slime feed, and the purpose of those was to see if 
it was possible to maintain nearly the same results by 
using the different quantities of oil. On March 30th 
and 3lst and April Ist, a period of three days, we 
treated by flotation in our retreating plant feed, using 
an oil mixture of ninety per cent fuel and ten per cent 
Barrett No. 4. We treated 1125 tons with 22.24 pounds 
of oil per ton, and made a concentrate of 21.48 per cent 
copper and a tailing of .32 per cent, with an indicated 
extraction of 96.14 per cent. During the period April 
3rd, 4th and 5th, on our retreating machine, using the 
same oil mixture, 90% fuel and 10% Barrett No. 4, 
(reating 1133 tons, we consumed 11.27 pounds of oil 
per ton and maintained 21.28 per cent copper concen- 
trate and .290 per cent copper in the tailing, with a 
96.67 per cent extraction. On March 30th, 31st and 
April 1st, treating our slime vanner tailing with 
straight coal tar, treating 795 tons, consuming 22.41 
pounds of oil, we made a tailing of .375 per cent cop- 
per, an indicated extraction of 47.63. During the 
period April 3rd, 4th and 5th, while treating our slime 
vanner tailing, using straight coal tar, treating 772 tons 
of feed and consuming 11.2 pounds of oil per ton we 
maintained .366 per cent copper in tailings, with an 
indicated extraction of 46.15. 

Q. 74. How do these results compare metallurgical- 
iy with the larger and smaller quantities of oil? 

A. Well, we maintain on our retreating machines 
month in and month out approximately 96 per cent ex- 
traction, which corresponds very closely with the ex- 
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traction made on these runs. On our slime feed we 
maintain for months at a time between 40—42 and 46 
per cent extraction. 

Q. 75. When you say you maintain you refer to 
operations before the first of January, 1917? 

A. Before the first of January, using small amounts 
of oil. 

QO. 76. Yes. 

A. Now, during these runs the operation was kept 
normal at all times; we simply increased the oil, and 
that is the only change in the operation that we made. 

Q. 77. With reference to the statement you have just 
made, the figures you gave are from this table headed 
“Ray Consolidated Copper Company, comparative re- 
sults obtained from air machines and retreating ma- 
chine when consuming more than one per cent of oil 
per ton and also one half of one per cent of oil per 
ton, using the same mixture throughout.” That is the 
table you refer to? 

pee Yes, 

Q. 78. Now, as to the results obtained on your ta- 
ble, there is a tabulation of the results obtained by 
eliminating fuel oil from the oil mixture; what was 
the purpose of that operation, eliminating the fuel oil? 

A. I simply eliminated the fuel oil from the oil mix- 
ture to see whether we could maintain results. We 
tried at different times to run on straight fuel oil, but 
we could never maintain metallurgical results; so we 
eliminated the fuel oil and used the same out of Bar- 
rett No. 4—approximately the same amount that we 
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used in the mixure of both, and on April 7th on our 
retreating plant feed using straight Barrett No. 4 on 
344 tons, consuming 2.39 pounds of Barrett No. 4, we 
made a tailing of 1.083, with an indicated extraction 
of 85.95. On April 8th, on the retreating plant feed 
using straight Barrett No. 4, treating 356 tons, con- 
suming 1.31 pounds of oil, which corresponds to the 
amount of Barrett used when we consumed 11.27 
pounds of mixture, we got a tailing of 1.25 with an in- 
dicated extraction of 82.89 per:cent. Now, on April 
7th the extraction through these figures represents a 
decrease of 10 to 14 per cent by eliminating the fuel 
oil. On April 7th while treating slime vanner tailings 
using straight Barrett No. 4, treating 245 tons, con- 
suming 2.07 pounds of Barrett No. 4, we made a tail- 
ing of .456, an indicated extraction of 33.65. On 
April 8th, treating the slime vanner tailings, treating 
273 tons, consuming 1.13 pounds of straight Barrett 
No. 4, we maintained a tailing of .543, or an indicated 
CxXurachonuGn 20,30. 

Q. 79. Those last two operations, on the 7th and 
8th of April, compare with what other amounts? 

A. Well, they don’t compare with the results on 
March 30th or 31st and April Ist when we used large 
quantities of oil, because on those days we used straight 
coal tar. I then simply ran the straight Barrett on our 
slime feed to see if it was possible to maintain our per- 
centage of extraction with straight Barrett. We found 
that it fell practically 15. per cent below. 

MR. SCOTT: I offer in evidence the tabulation 
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referred to by the witness, quoted “Comparative re- 
sults obtained by air machines and retreating ma- 
chines, etc.”’ ) 


Tabulation admitted in evidence without ob- 
jection and marked DEFENDANT’S EXHIB- 
iieNer 154, {i worsecr): 


Q. 80. Do you have any difficulty in getting the 
necessary oil for these flotation operations? 

A. We have very little difficulty in getting the oil 
necessary for one per cent of oil in our feed on our re- 
treating machine, but we have very great difficulty in 
getting enough of the oil that we use on our slime 
treatment; it has practically been to date impossible to 
get enough oil to continue operations daily with the 
use of more than twenty pounds of oil per ton on 7000 
tons of feed. 

QO. 81. You have described all of the machines in 
the plant, have you not, the air machines and the pyra- 
mid for the slimes and the other machines for the van- 
Mer concentrate? 

A. The mechanical machine—we have another small 
machine there that we are treating a hundred tons per 
day with, using 20 pounds of oil to the ton, simply for 
experiment. It is called the K. KK. machine. 

O. 822. What kind of a machine is that? 

A. Well, it is a single unit within itself. I don’t 
know hardly how to describe it. It is a rotary with 
baffles on a shaft enclosed in a sort of cylindrical hous- 
ing. The feed goes into one end with the oil, and this 
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rotary revolves approximately 180 revolutions a min- 
ute and it simply churns the feed and the oil and the 
air that it takes in at the intake, against the housing. 
and discharges it through round holes into a long spitz- 
kasten, which is the length of the machine, and from 
this the concentrate is removed from the tailings and 
discharged at the opposite end of the machine from 
where it comes in. I have some cuts here of the ma- 
chine, I have a drawing, but there is no flow sheet of 
this machine because it goes in at one end and out at 
the other, and the concentrates go out of the spitz- 
kasten. 

Q. 83. Those cuts that you have got, do they make 
its construction clear at all? 

A. Well, not unless you really understand the ma- 
chine. Here is the cut | have. I also have here a pho- 
tograph of the machine in operation. 

MR. SCOTT: We offer the photograph in evidence. 


Photograph admitted in evidence and marked 
DEPENDANT See xriBit No Was 


WHEREUPON an adjournment was taken until 
2-OU wR ei satunday, pril Zeth, 1917, 

Q. 84. This morning T asked you to compare in 
amounts of copper that would be recovered, by the 
figures prior to January, 1917 and afterwards, more 
than 20 Ibs. of oil was being used. Will you state 
whether that figure that you gave, 17 Ibs. of copper, 
expresses any real facts regarding the comparative 
merits of the two operations and if not how you 
would compare them. 
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A. Well, in figuring the pounds of copper saved 
by extraction it does not mean anything to mill opera- 
tion. We figure pounds of copper saved and the ad- 
vantage or disadvantage of the process, in the amount 
of copper going to waste in the_tailings per ton of 
ore. And, in comparing the year 1916 with the yea, 
of 1917, the way we would compare it, on the pounds 
of copper going to waste in the tailings, you really 
must find the tonnage or the relative amount of tail- 
ings in comparison to the tons of ore treated, and } 
find on figuring by ratios of concentration, getting 
the tons of concentrate produced per ton of ore 
treated, and then getting the ton of tailings made 
per ton of ore treated. Taking your tonnage of tail- 
ings times your assay of your tailings, I find that 
fen usine for the year 1916, 3.36 tbs. of oi per . 
ton we have, practically the same amount of copper 
going to waste in our tailings as we had during the 
year 1917 when we were operating with 20.1 Ibs. of 
ore per ton. 

Q. 85. Referring to the tabulation of the treatment 
of the slime vanner tatlings, state whether or not the 
operations, the daily operations from February 8th to 
28th were regular and constant or not. 

A. Well, our daily operations on slime feed is prae- 
tically normal at all times. That is, each hour of the 
day is practically the same as the preceding and the 
succeeding hours. We have immense storage facilt- 
ties. The capacity of our plant consists of Dorr thick~ 
ener, then we get our feed to the vanner and then te 
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ihe flotation, is handled in such an immense quantity 
that there is, each hour during the day, they won’t 
vary to any extent in feed. Now, during the period 
that you mentioned, the period from February 8th 
io 28th, when using 20 lbs. of oil or more in our 
Slime teeds.we treated on the Sth, starting outetae 
operation, a very much smaller tonnage than the rest 
of the month would indicate. On this day we treated 
{80 tons. Then, for the succeeding days we averaged 
between 367, 336 and 378 tons per day, showing that 
our average was practically uniform, everv day, every 
hour for every day in that month; and our oil con- 
sumed will average between 19.84 to 21.85 Ibs. per 
ion for each day, showing that the average is prac- 
tically normal at all times. 

©. 86. Now referring again to this tabulation of 
_ slime vanner tailings treatment, you say that the ton- 
nage down to the end of 1916 is apparently greater 
than that after you began to use a jarge amount of oll. 
Now will you state why that is so? 

A.. In our slime treatment we found that we got 
best results when using crude coal tar and our ton- 
nage was so great in this machine or on this product 
that we have been unable to date to secure a sufficient 
mount of coal tar to run our entire plant and so 
we just simply get cnough oil to run at the times that 
we can, and we are endeavoring to collect as much of 
that coal tar as we can, and at the present time we have 
practically 100,000 gallons of coal tar which will throw 
the entire installation on a 1% or more of oil. In 
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order to operate daily on our tonnage with 1% or 
more we would have to have approximately 14,000 gal- 
lons of coal tar a day or we would average about 
140,000 lbs. or better than 3,000,000 Ibs. per month. 
We have been unable, to date, to secure more than 
50,000 gallons per month, so that we have to collect 
this oil and store it until we get enough to run five 
or six of possibly ten days on 1% or more. We have 
endeavored to get the coal tar from any source pos- 
sible. 


CROSS EXAMINATION, 
Pye MER. WILLIAMS: 


X-O. 87. What did you do in this slime vanner 
plant on the days between those that are given in 
1917 in your table, exhibit 151? 

A. We operated with our usual amount of oil, as 
we operated previously to this year. 

X-Q. 88. That is you say the smaller—that is to 
say you used the smaller amounts of oil that you 
used before, in the days between when you have 
not got a large amount to use? 

mn. 6 ES. 

X-O. 89. And you have not made any showing 
of those operations in your table? 

foe oO. | have not indicated that for themes 
NOU? 

X-Q. 90. You have described a pyramid plant, or 
a set of machines arranged in pyramid, a set of air 
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I suppose they are separate plants, are they? 

A. Vey are separate plants. 

X-Q. 91. In none of these proceedings which you 
report here were they run together, is that riglit? 

A. Yes they are arranged so they can be run to- 
gether or run separately. 

X-Q. 92. Did you ever run them together? 

A. We did. 

X-Q. 93. Do any operations appear in the reports 
where they were operated together? 

A. The operations of January 17th and 18th, the 
operations of March 15th to 17th, and of March 20th 
to 26th. . 

X-Q. 94. Have you described the manner in which 
they were connected up; possibly I have not followed 
you when you testified? 

A. I have in this note below here, where I say 
that we recleaned twice; it simply means that we oper- 
ated the pyramid as a roughing machine, and then 
recleaned by the air machine, which gives us a double 


-— 
oF 


recleaning. = 

X-Q. 95. Now, when you use the air machines alone, 
what was the condition of the feed to the plant? You 
have noted here feed, and you have noted oils as go- 
ing into the same place. Had there been any prelim- 
inary mixing of the ore and the oil? 

ee Where had: not: 

X-Q. 96. So that in this instance you used this 
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long series of air machines to perform the operation 
of mixing as well as aeration, is that right? 

A. Well, I will correct that statement to this ef- 
fect. We did for a while send our feed and oil through 
the same emulsifier and then we sent our feed sep- 
arately, and only our oil and water through this emul- 
sifier, and the two combined just as they entered 
the machine. . 

X-Q. 97. So that in that instance you had a pre- 
emulsification of the oil? 

ae Ys. 

X-Q. 98. But it was pre-emulsified out of contact 
with the ore? 

ie Yes. 

X-QO. 99. Did you maintain that as a standard 
operation? 

A. Well, not during the entire. We would switch 
from one to the other. 

X-Q. 100. There were times when there was no 
pre-emulsification of the oils, and without any pre- 
nyixing or emulsification of the ore and oils you fed 
atmd-oils separately and the ore separately into the air 
machine, is that right? 

A. There were times when we did both. 

X-Q. 101. In the operation with smaller quanti- 
ties of oil did you ever use the air machine alone? 

A. You are speaking of the slime vanner tailings, 
are you? 

X-Q. 102. I understood that it was part of the 
slime plant? 
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A. Its. 

X-O. 303) Yes. Ji you ever used it im any was, 
just tell me; tell me what you know and then [ will 
know what you know. 

X-Q. 104. Yes. You mean when we treated the 
slime vanner tailings in the air machine with smal! 
quantities of oil? 

X-Q. 105. Yes. 

™ We did, 

X-Q, 106. In what manner was the oil and ore fed 
as to emulsification? 

:A. The ore and oil were emulsified before enter- 
ing the machine. 

X-Q. 107. Emulsified together ? 

femme \ eS: 

X-Q. 108. Can you tell me when you commenced 
to use this air machine? 

A. J don’t know whether ] have the date on that 
Gr mot. It was im the latter part of 1916 Wire result 
{ have here showing the result of the air machine on 
small quantities of oil is of January 10th, 1917. 

X-QO. 109. That is the first entry that you have? 

A. As a roughing machine, no; we used it in the 
latter part of 1916 as part of our cleaning system of 
our entire installation; | don’t know just what date we 
put it in, but it was im the latter part of the year 
1916 that we put it in. 

X-Q. 110. Did you put it in in the last month, ir 
December ? 

A. Yes, | think it was in December. 
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X-Q. 111. I notice in your table “Flotation Opera- 
tions treating slime vanner heading and slime van- 
ner tailingk,” that the first period given is the second 
quarter of 1915, with the smaller tonnage than any 
succeeding quarter. That was the commencement of 
the operation of this plant? 

AX. 6 €S. 

X-Q. 112. And as the plant was then installed at 
the commencement of operation, in what respect did it 
differ from the plant that you have described? 

A. At the commencement of operations the plant 
was a straight mechanical machine. 

me) 115. Janney? 

A. Yes. We did not have the pyramid installa- 
tion then; it was five mechanical cells followed bv 
five mechanical cells arranged in multiple. There was 
a feed going to each cell separately from the others, 
and the tailings combining and going to five cells sep- 
arately. There were two lines of machines, five in 
each, in multiple, a straight mechanical machine. 
Then later on we installed the air basket. 

X-Q. 114. You had in this first plant your first 
set of machines and roughers, and your second set 
of machine cleaners? 


P. 3265, L. 27, insert « roughers, 


and 
another set of five as” after “ag” ° an’ hence ay 
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X-Q. 115. What did you do then with the mid- 
dlings from the cleaner machines? 
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A. They circulated back to the head of the rough- 
ers, 

X-Q. 116. Give me the date for some one day’s 
operations in that first quarter of 1915? 


(Witness produces book.) 


oO Il7, Now, let us take jume 1571915, pleaece 
iead off to me your record for that day, taking the 
numbers with the head of the column so that the 
number will be understandable. 

A. 631 tons of heading, 549 tons of tailing, 15 
tons of concentrate, 951 lbs. of No. 4 oil, 21 Ibs. of pine 
oil; total 972 Ibs. of oil. 

X-Q. 118. And what was No. 4 oil? 

A. That is the Barrett’s No. 4 creosote. 

X-Q. 119. Now, you might give me the average 
for the month of June or the smallest period that you 
have operated upon the amount of oil used per ton 
of ore treated. 

A. Well, I will give you the average for the month 
of June, 1-91 Ibs: or oil for the month of June, 191s: 

X-©. 120. Now let us turn to fuly, 1915. Were 
the oils used the same during July as during June or 
was there a change? 

A. There was a partial change. { find that we 
used during the month of July some California fuel 
oil. : 

NeO Zi eeieaddition : 

A. To Barrett’s No. 4 and the pine oil. 

X-Q. 122. Now, read off the descriptive entries 
more Jiu US, Se 
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A. ‘Treated 1121 tons; 1081 tons tailings and 40 
tons of concentrates; 1468 Ibs. of No. 4 oil; 41 Ibs. 
of pine oil; total 1509-Ibs. of oil. 

X-Q. 123. Hflave you the assay of the heads, con- 
centrates and tails of that day? 

ie | have. 

X-Q. 124. Read them. 

m™ Headings, 1.13%. 

h-©. 125. Copper? 

aN Copper. 81.13% insoluble, 2.05% iron; tailings 
535% copper; concentrates 17.3% copper; 31.33% in- 
Fouble; 10.9% iron. 

X-Q. 126. Now will you give me the similar assay 
fomihat day, June 15, 1915? 

A. Heading 1.4% copper; 84.73% insoluble; 2.7% 
iron; .473% copper tailings; concentrates, 26.53% cop- 
per; 29.87% insoluble; 10.27% iron. 

X-Q. 127. Now, give me the average per ton of 
ore in the month of July, in this plant, 1915. 

As VAG 

X-Q. 128. Now, let us turn to the beginning of 
1916. In January of 1916 had there been any change 
in the oil used? 

A. I will have to look and see. In January, 1916, 
we were using Lewis tar acid and Jones oil. 

X-Q. 129. What is Lewis tar acid? 

A. It is a creosote, coal tar creosote with, if I 
am not mistaken—This was a 30% tar acid content 


a 


in the creosote. 
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X-Q. 130. And the Jones oil, is there any other 
naine for that? 

A. J] have never heard it. It has the appearance 
of a eriude oil. 

X-Q. 131. And these were the only two oils used 
during the month of January, 1916? 

Pee lhey were. ; 

X-Q. 132. Now, let us take the 15th of January, | 
W21oread off the record for that day. 

A. 2261 tons treated in the head; 2226 tons tail- 
ings, 25 tons of concentrates; 2470 Ibs. of Lewis tar 
acid; 823 lbs. Jones oil; 3293 total Ibs.; 1.45 !bs. of oil 
per ton of material treated. 

X-Q. 133. Now, let us have the assays of that 
day. 


A. .75% copper in heading; 91.80% insoluble, 1.6% 
iron; .506% copper in the tailings; 22.96% copper in 
concentrate; 24.93% insoluble in concentrate and 8% 
iron in concentrate. 

X-Q. 134. Now, I would like a typical individual 
day in among these operations during the present vear 
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per ton of ore. 
X-Q. 135. That is very close, isn’t it? 
A. Some here go below and some above. 
X-Q. 136. Now, we will have the assay. 
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pee 107, “copper in Neadings, .393% copper im 
tailings; 13.06% copper in concentrates; 63.06% in- 
soluble in the concentrates; 6.03% iron in concentrates. 

X-Q. 137. Now, we will take the record for Febru- 
my 11, 1917. 

A. Treated, 463 tons headings; 456 tons tailings, 
7 tons of concentrates; 85.68 lbs. of coal tar, 18.50 
Ibs. per ton of material treated. 

X-Q. 138. Now the ‘assay. 

A. .680% copper in headings; .455% copper in 
tailings; 14.46% copper in concentrates; 50.20% in- 
soluble; 7.20% iron. 

X-Q. 139. Before I leave this particular plant, what 
did you do with the material, what did you do with 
the kind and grade of material that you treated in 
this plant before you installed it? . 

A. This material was treated on our big  per- 
manent installation. 

X-Q. 140. Of what kind of concentration? 

A. Flotation concentration. 

X-Q. 141. No; before you had flotation. 

A. This material was going to waste. 

X-Q. 142. Not, in the other plant, for retreating 
the vanner concentrate products; is that right? 

A. Yes, sir. This statement is wrong. We ship- 
ped this product to simelter. 

X-Q. 143. Your fourth quarter—Your table shows 
the fourth quarter of 1914 as the first entry. Will 
you let me have a daily record during that fourth 
quarter? Take the record of November 15, 1914. 
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A. Treated, 207 tons of heading; 163 tons of tail- 
ings; 44 tons of concentrates; 624 Ibs. of creosote, 212 
ibs. of California fuel oil. 

Xx-Q. 144. And the total pounds of “oil per ton 
of ore is then given for the day? 

A. Yes, sir. 836 lbs. of total oil: used 4.34 Ibs. 
of oil per ton of material treated. 

x0). 145. Now, the assays. 

A. 7.23% copper in the heading: 73.80%, imsolubie; 
7.13% iron; .563% copper in tailings; 4% iron in 
tailings; 31.87% copper in concentrates; 22.53% in- 
soluble in concentrates; 16.93% iron in concentrates. 

X-Q. 146. Now, let us go to the first quarter of 
1916 in that plant. Give me the figures for January 
i5th, 1916. 

A. 250 tons heading, 201 tons tailing, 49 tons 
of concentrate, 487 lbs. of Lewis tar acid, 161 Ibs. 
Jones oil, 40 Ibs. Chesapeake pine, total 689 lbs. of 
Gilee2 7Omlbsol Ole per ror 

X-Q. 147. What is Chesapeake pine; pine oil or 
pine tar? 

ie ine veils 

X-Q. 148. Now, the assay. 

A. 5.4% copper in headings; 73.6% insoluble; 6.9% 
iron; .40% copper in tailings; 26.1% copper in con- 
centrates; 60.9% insoluble; 21.2% iron. 

X-Q. 149. Now, let us look at some of the opera- 
tions in 1917 with larger quantities of oil. Were these 
aperations continuous from their commencement? 

a Noe, INE 
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pews is0) (Give me the record for January 8th, 
1917. 

A. Treated, 300 tons headings, 240 tons tailings, 
60 tons concentrates, 5432 Ibs. California fuel oil; 
603 Ibs. Barrett No. 4 creosote; total 6035 Ibs. of oil, 
or 20.11 Ibs. of oil per ton. 

X-Q. 151. Now, the assays? 

fweeoo per cent copper im Meadine, 77.4 per cent 
insoluble, 6.2 per cent iron. 4.96 per cent copper in 
tailings, 24.50 per cent copper in concentrate, 28.3 
soluble in concentratson and 18.16 per cent iron. 

X-Q. 152. Now give me the record for January 
Oth, 1917? 

A. Treated 300 tons; 238 tons tailings, 62 tons 
concentrate; 5342 pounds of California fuel oil, 297 
pounds pine oil, 297 pounds Barrett No. 4; total oil 
5936 or 19.78 pounds of oil to the ton of material 
treated. 

X-Q. 153. Now, the assays? 

A. 5.7 copper in the heading, 76% insoluble, 6.2 
per cent iron. .583 per cent copper in the tailings, 
ec per cent copper im the concentrate, 29.23 per cent 
insoluble, 17.13 per cent iron. 

X-Q. 154. Now, let me look at the report for 
February, 1917. Give me the report of February 
gaih, 1917? 

A. 300 tons of heading, 204 tons of tailing, 96 tons 
concentrate. 4471 pounds California fuel oil, 497 
pounds Barrett No. 4, total 4968 pounds of oil, or 
16.56 pounds of oil per ton. 
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X-Q. 155. Now, the assays? 

Ee pompeamcent copper im the headme, 71 per scent 
insoluble, 8.2 per cent iron. .380 per cent copper in 
the tailing, 24.26 per cent copper in the concentrate, 
27.36 insoluble, 19.2 per cent iron. 

X-Q. 156. In these figures that you have given 
me of the assays, has there been an inclusion of ar 
copper oxide? 


ve Yes, 
X-Q. 157. In the tailings? 
A. Yes. 


X-Q. 158. And did your tables show the amount 
of oxide, or was that separately assayed. 

A. ‘The assay indicated in the table takes into ac- 
count the amount of oxide in the product. 

x=©@ 139” Does it incinde it or exclude ie: 

A. The assay includes the oxide. 

X-Q. 160. So that the tailing is actually composed 
of so much metallic copper and so much oxidized 
copper, and they are both counted together in the 
assay? 

NS EES) 

X-Q. 161. How large a factor would that be in 
the operations, the amount of oxidized copper that 
goes in the tailings? 

A. Well, it is greater than fifty per ‘cent of the 
' copper in the tailings; for instance, if you have four 
tenths of one per cent copper in the tailings, .28 will 
be in the form of oxide and .12 in the form of sul- 
phide. 
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X-Q. 162. And that is a fairly uniform average 
is it? 

Pe «VCS. 

X-O. 163. My attention is called to the fact that | 
said metallic copper when [ should have said copper 
sulphide. You understood me to mean copper sulphide ? 
7 A. Yes, that was just a mistake. 

X-Q. 164. Now, in your operations have you used 
anything else than oil, ore and water? 

A. That ts, any other chemicals? 

m-Q. 165. Yes. 

fe We have not? 

X-Q. 166. Or acid? 

fee No acid. 

X-Q. 167. And no other reagent? 

A. The only thing that is in the ore is, they add 
lime at the mine, simply to protect their screens and 
rolls at the head of the mill, but that is not done for 
any flotation purpose, because we can get very much 
better results without the lime than with the lime. 

X-Q. 168. That is, the ore as it is dug out of 
Beeworound is a little acid? 

ae SCY cS. 

X-Q. 169. You put in lime to neutralize that? 

ee) ves. 

X-Q. 170. And is that true of your operations 
since the first of the year as well as before? 

A. Well, we ran into the acid ore about the mid- 
dle of 1916, about the middle of the year, and it has 
been continuous ever since. 
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A2OV Iie Wie acid? 

Lee NESS, 

X-Q. 172. That is sulphuric acid of course? 

AS Wes, 

X-Q. 173. Do you ever heat your pulps? 

A. No, sir; we have never tried heat. 

X-Q. 174. Now, I wish you would describe for 
the court what an operator does when he is controlling 
the operations of a flotation plant? Let us go back 
to the time when you used the small amount of oil. 
Of course you understand just how it is done, and [ 
would like you to tell what the operator does, what 1s 
it that controls him in his regulation of the plant? 

A. He pays very close attention to the amount of 
oil he is adding. He can tell by the appearance of his 
machine whether he is adding a sufficient amount of 
oil to maintain good results. 

X-Q. 175. By the appearance of the froth in the 
machine? 

A. By the appearance of the froth in the machine 
and the way the machine is acting. He inspects his 
elevators every so often, to be sure that there is no 
slippage and that the feed 1s coming to the plant 
steadily, and tries to maintain normal operating condi- 
tions at all times. He will go over his machine and 
determine whether he has sufficient air to produce 
a concentrate whereby on the recleaner he will main- 
tain the grade that we would like to have maintained 
in our plant, and any irregularities that happen in 
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the plant, why he is so trained that he knows exactly 
what to do and where to go in order to counter- 
balance this fluctuation of operation. 

X-Q. 176. I suppose the appearance of the froth 
is one of the important indications when anything needs 
attention, is it not? | 

A. ‘The appearance of the froth, as well as the dis- 
charge of the froth. 

X-Q. 177. That is the amount? 

Ee lhe amount. 

X-Q. 178. The amount of the overflow? 

Bee Y CS. 

X-Q. 179. In these machines of yours do you 
have a natural overflow or do you help it along with 
a paddle? 

A. No, in these machines we have no mechanical 
froth removers at all. 

X-Q. 180. The froth just overflows by gravity? 

Pee yes, in this slime treatment. In treating the 
concentrate we have mechanical removers. The froth 
is much heavier and more compact, but we don’t have 
the mechanical removers on the series cells of the clean- 
ing machine. We have at the multiple machines where 
we make the finished concentrate, but the slime treat- 
ment we have no mechanical removers. 

X-Q. 181. What are the conditions in the appear- 
ance of the plant by which the operators are told to 
reduce the oil supply? 

A. In operating, if the appearance of the froth is 
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sort of—our slime is yellow slime, and if the appear- 
ance of the froth is too yellow, he comes to the con- 
clusion that he is discharging more insoluble or a 
lower grade of froth than he really should, and you 
can either cut down or diminish the air to a certain 
extent, or you can cut down your oil, and when the 
operation is normal or practically so, you can main- 
tain about the same results at that point. Cut down 
your agitation or cut down your oil. 

X-Q. 182. Can you give me separately the oxides 
and the sulphide copper assays of the heads and tails 
for the year 1916? 

Be 3 livre eae. 

X-O. 183. Will you do that? 

A. Yes, sir. [ cannot give you the heads; 1 can 
vive you the tailings. On treating slimes, the per cent 
of oxidized copper in the tailings will average for 
the year 1916 .20. On retreating the concentrate, the 
oxidized copper in the tailing for the year 1916 will 
avcragze 18. 

X-Q. 184. Now, have you got it for the first 
quarter of the year 1917° 

A. [can give it to you by the month. 

X-Q. 185. All right, give it for each month sep- 
arately. 

A. For the month of January, 1917, the percentage 
of oxidized copper in the slime tailing was .276, and 
for January, 1917, the percentage oxidized copper in 
ihe tailings for retreating concentrate was .214. For 
the month of February, 1917, percent oxidized copper 
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in the heads for February, 1917, on our slimes was 
311; percentage of oxidized copper in tails for slimes 
during month of February was .266; percentage OX- 
idized copper in concentrates, retreating concentrates, 
was .19. 

X-Q. 186. Now, these figures in the slimes plant 
have been both the operations with amounts of ore ex- 
ceeding 20 Ibs. and operations with amounts of oil less 
than 20 Ibs. per ton of ore, have they not? 

A. Yes. This statement is made up of the total 
slimes treated regardless of the amount of oil used. 

X-Q. 187. Now, what arrangement does your com- 
pany have for the selling of concentrates? 

A. We have a flat rate with the smelter. If | am 
not mistaken, it is $5.00 per ton of concentrates regard- 
less of per cent. of copper, insoluble or iron; we are 
not penalized for insoluble and we are not penalized for 
iron. 

X-Q. 188. And where are your concentrates 
smelted ? 

A. In the town of Hayden, about a quarter of a 
mile from the concentrator. 

PeOeis). \What is the name of the sinelter? 

A. It is the American Smelting & Refining Com- 
pany. 

X-Q. 190. Now, 1 regard to your contract, isn’t 
Mrateattected by the price of copper? 

A. No, I think not. We have a flat rate of so 
much per ton of concentrate. 
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X-Q. 191. Do you know that as a fact, or is it just 
a matter of information? 

A. No, I don’t know that as a fact. I haven’t seen 
the contract, but that is my understanding. 

MR. WILLIAMS: We have still of course to have 
the operations such as have occurred since the first of 
the year connected up with the prior art, and with that 
reservation for the completion of that testimony, I 
close the cross examination at the present time. 


RE-DIREC? BXANINA TION 
Bais COl. 


R-Q. 192. What is that $5.00 you mention; is that a 
smelting charge? 

A. That is a smelting charge per ton of concen- 
trate, that they charged the Ray Consolidated Copper 
Company. 

R-Q. 193. How about the amount of attention and 
adjustment the flotation apparatus requires when, say 
20 lbs. or more of oil are being used per ton as com- 
pared with when using three or four pounds? 

A. They make no chafge in the operation at all. 

R-Q. 194. JI meant the amount of attention it re- 
quires from the attendant. 

A. It requires no more attention to operate with 21 
pounds than it does to operate with three-quarters of 
a pound. 

R-Q. 195. I think you found a cut of that K & K 
machine this noon? 

A. Yes, sir, I have a cut of the machine. 
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R-Q. 196. I wish you would briefly explain the op- 
eration of that machine and put any letters on you 
need to, to tell what these two pictures are you have. 

Pe A will represent ihe intake for feed and oil, 
“B” represents tailings to waste. “C” represents con- 
centrates discharged. “D” represents the shait on 
which this baffle spindle is connected which revolves 
at the rate of 180 revolutions per minute. “E” will 
represent automatic operating float discharge. “F” 
will represent housing surrounding the rotator which 
is composed of baffles. 

R-Q. 197. Can you explain the operation better from 
the cross section? 

A. On the cross section view “A” will represent 
the rotator which is built up of baffles. The feed 
comes into the machine at one end and the centrifugal 
force of this rotary, which is 180 r.p.m., draws the 
feed and the oil and discharges it against the inside of 
this housing. 

R-Q. 198. Where is the pulp in the machine before 
it is picked up by the rotary? 

A. Well, it comes right in at one end of the ro- 
tary. The rotary is entirely the machine. 

R-Q. 199. Just make a mark to show where this 
pulp is thrown. 

A. The pulp would hit in right by the letter “B”. 

R-Q. 200. Now, place a letter where the pulp is 
picked up by that rotary. 

A. The pulp is picked up at the letter “C”. 
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R-Q. 201. And then it is whirled around in this 
upright space between the rotary and the housing? 

Aes) sir. 

R-Q. 202. Then put a letter where it is discharged. 

Eeicciarced at letters Dye 

R-Q. 203. Where does the air come from that makes 
the bubbles for the froth? 

A. The air comes—goes in with the feed at the 
intake and also at the end, with the shaft, supported by 
the bearings. The air goes in at both places. There 
is suction on both ends of the machine and suction at 
the intake of the machine: three places where the air 
can enter the machine. : 

R-Q, 204. Are these placed apart, these what you 
call baffles, or slats, whatever they are? 

A. Yes, about a quarter of an inch apart. 

R-Q. 205. Do 1 understand that the air is drawn 
out through there, and this narrow sheet of pulp? 

A. No, you understand the air is taken in at the 
ends and entered into the machine at the same point 
that the feed enters, and this inside of this rotary, 
there is chance for the feed to get inside of there, too, 
through these places where the bearing 1s. 

R-Q. 206. You said the pulp progressed through 
the machine; what is its movement, its course? 

A. It would progress similar to a curve. 

R-Q. 207. You mean it goes around through the 
rotary more than once? 

A. In starting the machine without any oil at all. 
and putting your oil in, the froth will first form at the 
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head, and then it will work slowly down to the tailings. 

R-Q. 208. MR. WILLIAMS: You have this ro- 
tating device as a long cylinder extending the length 
of the machine and rotating at the speed you have 
stated?’ Is that right? 

fe Yes, sir 

R-Q. 209. This cylinder has an outer surface com- 
posed of what you call baffles which appear to be sup- 
ported by slats: is that right? 

fe Ys. 

R-Q. 210. Now, outside of these baffles there seem 
to be some similar contrivances; what are they? 

A. Those are baffles. 

R-O. 211. Those are real baffles? 

A. Those are real baffles. This is just the timber 
to attach the baffles to. 

R-Q. 212. So that these baffles are practically a 

series of slats extending over the outside of this ro- 
tating cylinder? 

A. Similar to the riffles on a Wilfley Table. 

R-Q. 213. And what is the over-all length of the ma- 
’ chine, about? 

A. It is 14 feet Jong and about 4 feet high. 

R-Q, 214. And about what is the diameter of that 
rotating cylinder inside? 

A. As close as I can estimate it is about two feet: 
probably a little larger. 

R-Q. 215. No, if it is four feet high, if the machine 
is four feet high— 

A. (Interrupting) 32 inches they have there, to be 


Ocoee Minerals Separation, Limited, et al., vs. 
E, W. Engelmann. 


exact. It is 32 inches—that of course takes in the base 
and the housing. 

R-Q. 216. The over-all height of the machine is 
given here as 32 inches. It can be readily computed. 

A. I don’t know what the exact dimensions are, but 
that housing ts only about an inch and a half timbers. 

R-Q. 217. The inside of the housing is smooth? 

Bec. sir. 

R-Q. 218. And it is a complete water tight hous- 
ing? 

A. Yes, sir. 

X-Q. 219. I don’t remember just what you said 
about the use of this machine. Is it—what is it used 
now in your plant for? 

A. We are using that machine to test different 
kinds of oils now, and we did use it as a test on some 
small quantity of oil, and with large quantity of oil, 
just a comparative test of the two. 

R-Q. 220. And you found it worked pretty well 
with either? 

A. Equally as good with the large percentage of oil 
as it does with the small percentage. 

MR. SCOTT: I offer this illustration, one of them 
on the large sheet entitled ‘““K & K Flotation Machine” 
the other the small folder entitled “K & K Flotation 
Machine Bulletin No. 1”. 


The documents were admitted in evidence and 
marked DEFENDANT’S EXHIBITS 156 and 
157; 


(WITNESS EXCUSED.) 
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BEN H. DOSENBACH, recalled for -further direct 
examination by Mr. Scott having been previously 
sworn testified as follows: 


DIRECT EXAMINATION, 
fy MR. SCOTT: 


Q. 1. You are familiar, are you, with the Everson 
patent? 

fee | ain. 

QO. 2. Have you ever attempted to carry out the 
process described therein? 

Pe) have. 

Q. 3. What apparatus have you used for carrying 
out this process described in the Everson patent? 

A. One form of apparatus that I have used is an 
apparatus that is built according to the Fryer Hill 
publication. 

Q. 4. That publication that 1s in evidence? 

A. That publication that is in evidence in this 
case. 

Q. 5. Have you the machine here? 

A. I have. 

Q. 6. Will you refer to the Fryer Hill publication 
and compare the description therein contained with the 
machine itself? 

A. With reference to the Fryer Hill publication, 
the “Daily Herald Democrat,” Leadville, October 30th, 
1889. This is a publication which refers to a certain 
method of concentrating ores with the use of oil, 
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and in that description a machine or apparatus is des- 
cribed. This publication states that ‘““The whole sys- 
tem of concentration appears to be based on the well 
known affinity of the lighter forms of sulphuret and 
chloride of silver for oils. Petroleum is the oil now 
being used by the parties having these experiments in 
charge and appears, from its density, to possess the 
requisite adhesiveness to effect the results desired.” 
[It says that ““The ore is first crushed and rolled to 
such a degree of fineness as to enable it to pass 
through a 40 mesh screen and while dry, is thoroughly 
mixed with the oil, after which it is placed in a cir- 
Cilar tails On teeciver. 

Q. 7. What are you reading, Mr. Dosenbach; the 
Fryer Hill publication? 

ey cs. 

Q. 8. Unless you have some comment to make 
on some part of it it won’t.be necessary to read it. 

A. Well, 1 was just coming to the description of 
the machine in this publication and I will follow it up 
by referring to the machine itself, which ] have now 
in court and also to a drawing which represents the 
machine. The ore is thoroughly mixed with the oil 
“atter which it 1s placed’ in a circular tank von ae- 
ceiver.” This is the circular tank or receiver that will 
be used in the experiment which is illustrated in this 
drawing by the circular tank or receiver. 

MR. WILLIAMS: I just want to call attention 
to the fact that the witness said “The ore is thorough- 
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ly mixed with oil’ omitting two lines of the descrip- 
tion, one part of which says that the ore is crushed 
so as to pass through a 40 mesh screen. 

THE WITNESS: I have read, that, Mr. Williams, 
begging your pardon. 

MR. SCOTT: If you wish to, you can point out 
on the machine as you read it. 

A. “Through the center of which runs a rotat- 
ing hollow tube,” which is this rotating hollow tube 
in the drawing and this rotating hollow tube on the 
machine itself. ‘To the bottom of which tube is at- 
tached, on two opposite sides, a couple of fans,’’ which 
are these fans at the bottom of the hollow rotating tube 
as shown in the picture, these two rotating fans,— 
“the lower edges of which are unevenly cut in order 
to send—in the revolutions—the lighter particles of 
the ore and oil mixture to the outer sides of the drum 
or cylinder.” That is genes edges of the fans 
which are unevenly cut, so as to give an upward motion 
to the agitated material, which is shown on the machine 
itself, are unevenly cut, the lower edges of the fan. 
“This rotating hollow tube is perforated at, or near, 
the bottom,” which shows several small perforations 
at or near the bottom, just small holes, just above the 
fans. “and, when the receiver is thoroughly charged, 
acidulated (sulphuric acid is used). Steam is intro- 
duced through the tube and is forced to the bottom of 
the mixture while the arrastralike fans, attached to 
the bottom of the tube, keep the whole mixture in 
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‘notion, and, the action of the revolving tube, the fan, 
and injected acidulated steam causes the lighter por- 
tions of the mineral-charged oil to float to a point 
just above the center of the receiver, where there 
are suspended two semi-circular doors, when the oil 
has passed above them, laden with its precious freight, 
are raised, and the superfluous water allowed to drain 
through slight perforations in the bottom of these semi- 
circular doors, after which the mineral-laden oil is 
carefully removed to settling barrels revolving’ with 
jets of steam injected continuously from the lower 
end.” Well, the rest of that we needn’t show, because 
(hat is an after treatment to recover the metal. These 
doors, however, are perforated, as shown in the ma- 
chine itself, and also in the drawing which I have 
here. This shows the shaft and the semi-circular doors 
raised, and this shows them when they are lowered 
after agitation. The mineral froth rises.to the sur- 
face above the doors and the doors are closed, and 
as the description says, “in order to recover the metal.”’ 

QO. 9. Now, will you state what ore you are go- 
ing to use and how you are going to proceed in carry- 
ing out the experiment or demonstration. 

A. In the experiment that I am about to perform 
according to the Everson patent and also the Fryer 
Hill publication, [ will use Utah Copper ore, or the 
cetreatment classifier overflow from the Utah Copper 
Plant. 

©. 10. What quantity of oil are you going to use? 

A. I will use 300 gms. of this ore and to it I will 
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add 51 gms. of a petroleum distillate. After adding 
the 51 gms. of petroleum distillate I will thoroughly 
mix the dry ore and the oil, making a homogeneous 
mass of the oil and ore. This will then be placed 
into the receiver of the machine, and I will then add 
1250 c.c. of water. The machine will then be started, 
and as I cannot use any steam or acidulated steam, | 
will use hot water containing sulphuric acid, to cor- 
respond to the acidulated steam which is mentioned in 
the Fryer Hill publication. The agitation will be con- 
tinued for possibly two or three minutes. J will per- 
form the experiment, and after having performed the 
experiment, will give a complete description of the 
operation. 


(Whereupon a short recess was taken.) 
(Test No. 30.) 


THE WITNESS: Now, if you would like to have 
a sample of that ore that we are going to use in the 
experiment, you can have it. 

MR. WILLIAMS: Very well, we il take it. 

O. 11. You might state, while we are waiting, 
whether or not you are going to use the forty mesh 
material described in the Fryer Hill publication? 

A. JI am going to use material that is through a 
forty mesh screen, yes, sir. 

Q. 12. You are metallurgist enough to know that 
what you have said may have several meanings. Is 
this forty mesh? 
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A. It will all pass a forty mesh. There will be 
approximately two or three per cent of it on a sixty- 
five mesh, which is slightly finer than a forty mesh 
screen, and ranging from there on up to the finest 
size, which is minus 280 mesh. 

Q. 13. That is to say this is a product containing 
a great amount of slime? 

A. It is a product which contains about 60% minus 
200 I should say. As I remember—and J] will refer 
to the publication—the publication states the ore is first 
crushed and rolled to such a degree of fineness as to 
enable it to pass through a forty mesh screen. 

@, 14. VHF COURT: Weill, are you ready sic. 
this experiment? 

eee Ces sit ue ncyeinaye been sampling the ore, 
so as to give the other side half of the same material 
that I am going to use, and that has consumed con- 
siderable time. 

I will now add oil, 51 gms., to the dry ore, and 
thoroughly mix the oil and the ore until a homogenous 
mass of oil and ore is formed. 

©. 15. THE COURT: You have what weisin 
of oil and ore there? 

A. J have 51 ems. of oil to 300 gms. of ore, which 
iMakkesni\7 Meumecelt Of Oll relative to occ: 

©. 16. MR. SCOTT: Where de you set tim 
proportion of oil to ore; what is it based on? 

A. That is taken from the Everson patent, the 
figures as used in the Everson patent being reduced 
to the proportions that J now use. The oil and ore 
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is now thoroughly mixed. I will now add 1250 c.c. 
of water, having a temperature of 42° C. I have now 
added 2.4 c.c. of sulphuric acid to 50 cubic centi- 
meters of hot water, which I will add after starting 
the machine. (Machine started. ) 

Wel7, MR. WILLIAMS: At what speed is that 
arrastra revolving? 

A. I don’t know what you mean by arrastra? 

QO. 18. Well, the agitator that you have there, 
how fast does that revolve? 

A. I will tell you in just a minute; I have it marked 
so I can tell when the machine stops. 

(Machine stopped.) 

QO. 19. MR. SCOTT: How would you describe 
that float as to its structure and what it is made 
up of? 

A. J would describe that float to be a mineral froth 
consisting of copper sulphide mineral, air bubbles, 
which can be seen very distinctly by observing from 
the top, and naturally there is present around those 
air bubbles some oil. That froth I take to be some- 
thing over an inch thick; about an inch and a quarter 
in places, and an inch in places, or an average of 
about an inch and an eighth. The differentiation 
from the tailings 1s a very noticeable difference, show- 
ing that there has been quite a concentration. 

Q. 20. Will you compare this operation which you 
have just performed with the course of proceeding in 
actual concentration in a mill? 
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A. It is very similar to the actual procedure in a 
mill, with the exception that in a mull thefe “re @ 
nuniber of these same operations carried on in series, 
whereby the tailings resulting from this one particular 
operation would be retreated in another vessel of the 
same character as this one. There may be a great 
number of them, anywhere from 5 to 14, or possibly 
more or less, and this constitutes a part of the opera- 
tion. | 

©. 21, The first stepassit were: 

A. The first step I should say. The’ taffing 1s 
settling very rapidly now, showing comparatively clear 
water between the tailings at the bottom of the solu- 
tion or the vessel and the froth upon the surface. 

Q. 22. In actual operation is it customary to make 
a final tailing with one operation of this kind? 

A. It is not. They continue the operation and 
recover additional froth and mineral in a froth from 
the tailing that we now see in the bottom of the cyl- 
inder. 

Q. 23. Is there any way in which you can get a 
sample of that concentrate there for analysis? 

A. Why, ves, I can get a sample of the concentrate 
for analysis, showing the degree of concentration, that 
is, the amount of valuable mineral that is contained 
in the froth as compared to the original ore with which 
I started. . 

QO. 24. In that particular apparatus is there any 
way of getting all of that froth off, so you could de- 
termine the total amount of mineral that is in it? 
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A. There is no possible way of recovering all of 
the froth in this apparatus, as the apparatus itself ts 
‘ merely to show the purpose that it was built for, and 
not for metallurgical recoveries ; but a sample of the 
froth can be obtained and analyzed to show the extent 
of the concentration. 

Q. 25. Will you do that now? 

A. I can do that, or I can have it done and go 
ahead. . 

QO. 26. Well, it might save time if you have some 
one #ret® each side do that? | 

A. That would simplify matters to have a repre- 
sentative from the other side assist one of the men 
from this side, and mutually agree as to the sample 
of the concentrate. 

Q. 27. MR. WILLIAMS: Those doors which 
acted as baffles in that agitating operation, what 
use are you going to make of them now? 

A. I will spread the doors out, as stated in the 
publication, and recover as much of the concentrate 
as possible, so that analysis can be made of the prod- 
uct, and I will do that myself so that it can be seen 
just how they work. Now, I have closed the doors, 
as it were. 

O. 28. MR. SCOTT: Raised them to a horizonal 
position. oe 

A. Raised them to a horizontal position. 

QO. 29. And they are down here below the frotti 
as the court can see; they were hanging vertical, and 
you have opened them out? 
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A. Yes. Now, the jar will be lowered, and the 
concentrate froth will rest upon the doors. 

Q. 30. Instead of raising the doors in this ma- 
chine, you simply lower the jar? 

Aa GS: 

QO. 31. MR. WILLIAMS: You did not give me 
the speed yet at which it turned? 

A. Yes, I will give you that speed. It was between 
1400 and 1500 revolutions per minute. Now, if one 
of the representatives from the other side is present 
and can assist in the operation we might go ahead, or 
watch the procedure. 

OF 32) Mi SCOT): oi would like the courte -e- 
how you get that off; it will only take a minute. You 
might state how efficient that method of getting that 
rroth is? 

A. It is a very inefhcient and crude method of re- 
savering the froth, but it shows the nature of it. 

©. 33. Where is the jar; you cannot get it all? 

A. No, [ cannot possibly recover all of it. 

A. Now, [ would like to state further that it can 
de readily seen that when lowering the jar and re- 
covering the metal upon the cylindrical doors, that some 
of the mineral has fallen down to the bottom of the 
vessel and rests down in the tailings. There is quite 
a noticeable difference between the muneral which has 
fallen and the gangue material which are at the bot- 
tom, the mineral being very dark in color, lying in a 


stratum above the tailings; the tailings being very much 


Butte & Superior Mining Company. S208 
Ben H. Dosenbach. 


lighter in color than the original ore, and decidedly so, 
as compared to the mineral in the froth. 

QO. 34. Was there any dark mineral on top of the 
tailings, in the bottom, before you performed your 
operation with the doors? 

A. There was not, and that was my reason for 
wishing to show it at this tinie. 

QO. 35. Now, the other day Dr. Sadtler testified 
regarding the cataract machine described and_ illus- 
trated in a German book which he produced. Have 
you had a machine made in accordance with that 
description ? 

A. I have. 

Q. 36. Have you the machine here? 

A. I have and [ will bring it forth. Jf you will 
pardon me, I would like to state definitely what I used 
in that experiment, so that it may be upon the record 
In the experiment that I have just completed, follow- 
ing the Everson process in the Fryer Hill machine | 
used 300 grams of Utah Copper retreatment classifier 
overflow containing approximately 7.9% copper, 5.36% 
iron and 77% insoluble. To this ore J added 51 
grams of a petroleum distillate and thoroughly mixed 
the two until a homogenous mass was formed. ‘This 
oiled ore was placed into the cylinder of the machine 
and 1250 c.c. of water added at a teinperature of 40° 
C.; the machine was then started up and 2.4 cc. of 
sulphuric acid and 50 c.c. of hot water was added 
and the agitation continued for a period of 2% minutes. 
Upon stopping agitation a mineral froth formed above 
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the semi-circular doors, being about 1 1/8 inches in 
thickness. After allowing the gangue material or 
tailings to settle to the bottom of the cylinder so 
that the solution was comparatively clear between the 
froth and the gangtie | opened the semi-circular doors 
so as to spread them out horizontally and then lowered 
the cylinder, leaving a portion of the mineral froth 
resting upon-these doors. The mineral froth that re- 
mained on the doors was then removed from the doors 
and the contents will be reported later. 

O. 37. I hand you the book that Dr. Sadtler re- 
ferred to by Louis Andres and ask you if that is the 
illustration following which you had the machine con- 
structed. 

A. This is the illustration from which the machine 
that I will now present has been constructed. 

M. 38. Did you read it or have someone translate 
the descriptive part of the book for you? 

A. Dr. Sadtler has translated the descriptive part 
of this*book. It is in German and ] am not very 
good at that. 

Oma? Willi you produce the machimer 


(Witness produces the machine.) 


MR. SCOTT: I might state for the information 
of the court that this publication following which that 
machine was built has been referred to by witnesses 
as describing an operation under the Everson patent 
and this is how we followed that. Now, this appara- 
tus which Mr. Dosenbach has now was built after this 
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publication, which was some years before the date of 
the Everson patent, the purpose merely being to use 
an apparatus that was known at that time. 

MR. WILLIAMS: And this apparatus was an oil 
purifier, oil purifying machine, so described, was it 
not? 

MR. SCOTT: If you want to testify you may do 
so, or -have me. 

MR. WILLIAMS: Well, if your honor please, 
1 object to wasting the time of the court by carry- 
ing on experiments in an til purifying machine for 
the purpose of showing an operation of ore concentra- 
tion; as wholly incompetent, irrelevant and immaterial. 

THE COURT: What is the purpose of this? 

MR. SCOTT: The Everson patent described the 
agitation, the thorough agitation of the mass, and 
this agitator is simply taken from the technical litera- 
ture. 

THE COURT: You simply want to show that 
there were appliances that would agitate? 

MR. SCOTT: And by performing this operation 
that would bring about the type of agitation suitable 
for the purpose of the patented process. 

THE COURT: There is no question at all that at 
that time the world was full of agitating apparatus; 
every farmer’s kitchen and yard had them, as far as 
that goes. 

MR. SCOTT: The point was very strenuously 
made in the other trials that the record showed no 
agitating apparatus that was capable of accomplish- 
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ing the purpose, and great stress was made of it in 
the argument. I[ thought myself it was rather a far 
fetched point; and, being made and advanced serious- 
lv why we considered that we must meet it. 

THE COURT: Well, how many more like it have 
your 

MR. SCOTT: Well, we will illustrate the Kirby 
patent. 

THE COURT: No, J] mean of these appliances that 
you want to show that were capable of agitation? 

Mi SCO1 ls. tists thesonly one: 

THE COURT: Let the record show what it is 
and the objection will be overruled. I believe the doc- 
tor already testified that this was an oil purifying 
machine. 

MR. SCOTT: Yes, it is im the books that sis 
the record and it has been referred to as an agitation 
apparatus. | think that is the point they laid em- 
phasis upon. 

Q. 40. Now, Mr. Dosenbach, have you found it 
possible to carry the I¢verson procedure on this ap- 
paratus ? 

A. JLhave found it possible to carry out the Everson 
procedure in the apparatus as sct forth in that book 
described by Dr. Sadtler. 

QM. +1. This is the same apparatus regarding which 
Dr. Sadtler’s remarks appear on page 740?- 

A. It is the same apparatus as testified to by Dr. 
Sacitlen, 
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QO. 42. That built under your direction? 

A. This was built under my direction. 

Q. 43. And in proportion and form does it con- 
form to the description in the German book you re- 
ferred tor 

A. It does with the exception that I had this glass 
cylmder put on here so as to see the result and the 
froth, and the proportions are very similar. There are 
baffles as stated—as shown in this illustration which 
are also in the machine and can be noted. This is 
a cross section and the baffles run around the whole 
circumference, inside directly above these two fans 
or arms which are shown in the bottom of the illus- 
tration. Directly above the baffles and on the shaft 


is shown another—a disk, which is this—I am point- 
ing out now, and J take it from the illustration that 
the disk revolves with the shaft. 

(). 44. Now, will you state about what ore and 
the proportion you are going to use in illustrating the 
Everson process on this cataract apparatus? 

A. I will use a material that is very similar to 
the one that I used in illustrating the previous Ever- 
Pom experiment. It is a Utah copper ore or a material 
called Utah copper retreatment classifier overflow. 

QO. 45. That is what the other was? 

A. That is what the other was. It is similar 
material. 

©. 46. Now, if vou will proceed? 


(Witness performed experiment No. 31.) 
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A. I now have thoroughly mixed the ore and the 
oil. 

QO. 47. How does the froth which you have formed 
ti this cataract machine compare with the one which 
you made in the Fryer Hill machine? 

A. They appear very similar in character. The 
froth formed in this machine is highly mineralized, 
consisting of copper sulphide, mineral and air bub- 
bles. They seem to be very much the same in rich- 
ness. However, the froth is a little thicker, it appears 
to be so, in this experiment as compared to the pre- 
v10US experiment in the Fryer Hill publication. 

QO. 48. Was there more mineral in this or the 
other one? 

A. There possibly might be. The amounts are 
very close. 

QO. 49. What was the assay of the material used 
in the Fryer Hill machine? 

A. An assay of the material treated in, the I*ryer 


Hill machine was 7.9 per cent copper, and in this. 


machine | have if to be G18 per cent copper. Tiere 
was a little more iron in the ore that I used in this 
experiment than in the one that I used in the previous 
experiment. The iron in the ore as used in this ex- 
periment was 6.69 per cent as against 5.36 per cent 
in the Fryer Flill experiment. 

Q. 50. When you said this froth was thicker you 
meant it was of greater depth? 

A. Greater volume and height. 
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eo! You didn’t mean the consistency of the 
froth? 

A. Absolutely not, because it will be readily seen 
the individual bubbles that are shown on the sides 
and also on the surface. 

Q. 52. Did you give all the details of this experi- 
ment? 

A. { have not given all the details but I will do so. 
During the process of the operation I. took the speed, 
and it will be necessary to count this ratio before I 
can give it. The speed of agitation was 724 revolu- 
tinns per minute. 

Q. 53. And how long was it agitated? 

A. Two minutes and a half. I will give the pro- 
portions as used in the experiment. 

In the experiment just completed, following out 
the Everson patent in the so-called cataract machine 
I used 200 ems. of Utah copper retreatment classi- 
fier overflow, containing about 6.18 per cent copper, 
6.69 per cent iron and 76.2 per cent insoluble. JI added 
to this 200 grammes of ore, 34 gms. of Texas petrol- 
eum distillate, and thoroughly mixed the two to form 
a homogeneous mass. Having placed this oiled ore in 
the machine, I added 1250 c.c. of water at a tempera- 
ture of 30° C. I next started the machine, and 
@irectly aiter starting the agitator I added 50 cc. of 
het water containing 1.6 c.c. of concentrated sulphuric 
acid. The agitation was continued for two minutes 
and a half at about 720 revolutions per minute. The 
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result upon stopping the agitator was that a very 
highly mineralized froth appeared on the surface of 
the pulp. 

Q. 34. Are you going to remove a sample of 
that froth resytling in this experiment? 

A. J think it would be advisable to remove a sample 
of the forth and furnish a duplicate sample to com- 
plainants. 

©. 55. Have you the material here this afternoon 
te perform a demonstration illustrating the California 
Jeurnal of Technology article? If not, we will put 
it off? 

A. I haven't it down here, no. 

Q. 56. Well, we will go on with something that is 
here. 

O57.) TRE COURT let the cour amidersrand 
—-these two experiments represent the Everson pro- 
cess? 

Mike SCOT 1 Wie specie quantity Onvolmaad 


the amount of—and the kind of the oil. 


©. 58. Now, could you this afternoon demonstrate 
the Kirby process with 25% of oil? 

ie liecain 

Q. 59. Suppose you do that, then? Describe what 
you are going to do, if you wish to first? 

A. J. would suggest that a representative of the 
other side here assist in removing some of the froth 
that appears in the cataract machine. 

] will perform an experiment using 25% of kero- 
sene distillate, which is a thin distillate hydro-carbon, 
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on some of the same material 


a sample of the same 
material that | have used in the two Everson experi- 
ments. In the experiment that I am about to per- 
form, illustrating the Kirby patent, I will use 300 gms. 
of Utah copper retreatment classifier overflow, the 
assay of which is about 6.15 per cent copper, 6.6 iron, 
ance 76.2 per cent imsoluble. 1 will use 1500 c.c. of 
Peicr atea temperature of about 25° C., and 2 cc. 
of concentrated sulphuric acid. The oil which 1 wil} 
use 1s kerosene or petroleum distillate, and J will use 
92 c.c. of this oil, which is equivalent to 75 gms. 
or 25 per cent of oil relative to ore. 

OOO. WHR. WHCETANES= Were is the Kirby 
machine ? 

A. J am performing the demonstration in the agi- 
tating glass jar machine. 

MR. WILLIAMS: 1 object to that, and call your 
honor’s attention to the fact that the Kirby patent 
shows a complete and elaborate apparatus capable 
of reproduction, and of which we have made a repro- 
duction, and of course you can only understand what 
a patentee means by doing the thing as he did it. 
Now, this is an attempt to repeat the operation which 
takes place in that complicated machine, in a square 
glass jar, just as it was done in the Supreme Court 
of the United States and in Wilmington, Delaware, by 
these plaintiffs, and it seems to me that it is a waste 
of the time of the court to repeat in a glass jar, with 
terrific agitation, an operation which obviously could 
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aot have taken place under such conditions, and that 
the only operation that will be in the slightest degree 
relevant and material to this case will be an opera- 
tion carried on in the Kirby machine. I will ask your 
honor to look at this machine, consisting of two 
vessels, an agitator and a separator, with all the de- 
tails shown in the drawings. 

In the next drawing is shown the separator, and 
there are still further drawings; a carefully devised 
apparatus, and here we have a glass jar with a rotat- 
ing stirrer. 

THE COURT: Well, now, Iam a little doubtful of 
the value of some of these experiments myself, but, 
cfrcumstances, of course, will be taken into considera- 
tion by the court in weighing the evidence. For in- 
sfance, now, in the last two experiments which you say 
illustrate the Everson process, where do you get that 
agitation in the Everson process? 

. MR. SCOTT: The Everson patent says the mixture 
is thoroughly agitated. Now, the patent in suit has no 
sfronger language than that on the subject of agita- 
tion. 

THE COURT: Well, we will allow it to proceed 
for the purpose of the record. The objection will be 
averruled, and, as the court said, the circumstances, of 
course, will be considered. Really what you will do 
now, you might as well say, would be the process of the 
patent in suit with 25% of oil, wouldn’t it? 

MR. SCOTT: Absolutely; that is exactly what it 
is. The Kirby patent recommends that quantity of oil, 
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and has really stronger language on the subject of agi- 
tation than the patent in suit. A process patent, as the 
Kirby patent is, is merely required to illustrate some 
apparatus capable of carrying out the process; the 
process is in no way related to the apparatus. This 
can be done in anything, a glass jar or with an egg 
beater, or any apparatus. So why build a complicated 
structure like Kirby had when the object is simply to 
show that agitation will produce the result. 

Pie COURT: Objectiontovertuied: 

Plaintiff excepted. 

(Test No. 32) 

THE WITNESS: Iam now adding the acid after 
having added the ore and the water in the glass jar. I 
will next add 92 c.c. of distillate. 

(Machine started and run for some time) 

Q. 61. What result have you in this experiment, 
Mr. Dosenbach ? 

A. A very copious, highly mineralized froth is 
formed. 

Q. 62. Are there any more details as to that experi- 
ment, or did you say everything you wanted tc before 
you started it? ; 

A. I gave the quantities used, and so forth, before 
starting the experiment. The only thing that remains 
is the agitation, which was for a period of three min- 
utes at approximately 1600 revolutions per minute. 

Q. 63. Have you prepared an experiment in which 
you make a froth and sinking granules with the same 
amount of oil? 
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A. Yes, but [ haven't time to complete the experi- 
ment this evening as it takes ten to twelve minutes to 
continue the experiment alone, much less get it ready. 

Q. 64. You might describe it; it won’t take but a 
little time to describe it and use the time up, so that we 
will get it in the record? 

A. Yes, I can do that. I have performed an ex- 
periment and can repeat the same, using the cone Gab- 
bett— 

MR. SCOTT: I would like the record to show that 
samples of the froth in this last experiment as well as 
in the others, have been furnished to representatives of 
the plaintiff. 

THE WITNESS: (Continuing) The experiment 
that [ am speaking of was performed in the cone Gab- 
bett machine on Butte & Superior ore using oleic acid 
and in one instance I obtained a froth and by reducing 
the agitation, the mineral sinks, and by again increas- 
ing the agitation the mineral will again float. 

©. 65. You mean all in the same mixture, by alter- 
nately agitating differently? 

A. By alternate procedures, first obtaining a froth 
and then sinking the’*mineral and then obtaining the 
froth again, and I presume the operation could be 
continued alternately in the same manner for an in- 
definite length of time. However, [ have not tried it 
more than several times each. The percentage of oil 
was upwards of one per cent—one per cent plus rel- 
atively to the ore. I think I used one and one half per 
cent of oleic acid relative to the ore used and the agi- 
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tation was constant for from five to ten minutes for 
each proceedure. 

Q. 66. Now, as the representatives of the plaintiff 
are going to visit the Butte & Superior mill tomorrow 
[ think it would be a good idea if you take this 
time now and make a little sketch, flow sheet, and ex- 
plain it to them. There will be time enough to do 
that? 

me es, | will get uly flomasheet here. 

QO. 67. You can do it on the board if you wish to? 

A. Well, I can do that although I have prepared, 
several days ago, a large flow sheet, and you can ob- 
serve any points on it just as well as looking at a di- 
agram upon the blackboard. 

eos, Elave you senior it: 

A. Yes, it will be here in just a moment. This 
flow sheet represents the flow of the material and the 
machines used in the flotation plant at the Butte & 
Superior Mining Company. It shows a plan view of 
the various machines that are used and there are eight 
in number, all identical, alike. 

Q. 69. What does each one of these units show, the 
emclevindea triangle at the end of it: 

A. I may start in this way; this is one machine 
which we call a pyramid machine, which consists of 
seven cells. Each one of these agitating cells that I am 
pointing out here in the center has two spitzkastens, 
one on each side of it. There is a double aa spitz- 
kastens and a single row of agitators to each primary 
machine. There are eight of these primary machines 
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in the flotation plan that treat the same material. The 
material as it comes to the flotation plant and goes to 
this machine is practically all alike, and there is a dis- 
tributor that divides it into eight equal portions. Here 
we have a cleaner and a recleaner machine which 
takes the product from the roughing machine and re- 
treats the concentrate for the purpose of obtaining a 
purer grade. Now, I may follow this way, the flow 
of this in a general manner, and if there are any ques- 
tions [ can stop and answer them as I go along. For 
the purpose of illustrating and not to confuse with a 
great number of lines on each one of these pyramid 
machines, as they are all alike, I have selected one of 
them and on it I show the varioussproducts that are 
made and where they go. 

MR. GARRISON: What number have you se- 
lected? 

A. I have selected No. 7, and it shows by the red 
lines where the products go. That will not confuse the 
other machines, and the products from the other ma- 
chines, joins along with No. 7 so we can consider the 
whole plant, when we speak of No. 7 pyramid. The 
original material coming to the flotation plant, which 
is the tailing from the concentrating or wet separa- 
tion part of the mill is indicated by the words “slime 
and tube mill product.” That material comes from the 
concentrating department and goes to two 36 inch el- 
evators, No. 1 and 2, where it is elevated to a junction 
box indicated by numerical three. The junction box has 
an under-flow and an over-flow. The under-flow goes 
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to an 8-way distributor from which it is distributed 
to these eight pyramid machines that I have just de 
scribed. The over-flow goes to what we call the sludge 
tank, which is just an aleviating tank to take the vari 
ation in the feed that 1s discharged from the elevators: 
The underflow from the sludge tank flows to the ele- 
vator again and is a closed circuit so the sludge tank 
takes care of any excess of material that may come at 
any one given time. Now, before being distributed fo 
the 8 pyramid machines, the feed 1s sampled by an 
automatic sampler, designated on this flow sheet by 
the numerical five. After being distributed we follow 
down to No. 7 primary, and if it was retreated in No. 8 
it would be the same for each one of them. The ma- 
terial enters No. 1 cell. And as I said before each 
primary machine is a unit in itself and consists of sey- 
en cells. These seven cells are attached in series and 
the feed enters the first at this point, travels from the 
spitzkasten here into the next one and so forth down 
until it reaches No. 7 and through No. 7. That is the 
general flow of the material through the machine. Each 
one of the cells has two spitzkastens, one on either side 
of the agitating cells, where concentrates and middlings 
are taken off. The first three produce a rougher con- 
centrate where—which is Nos. 1, 2 and 3. The next 
four, Nos. 4, 5, 6 and 7 produce a middling, which 
middling goes back again to these 36 inch elevators 
before mentioned and to the original feed, coming back 
again to the machine. The rougher concentrate that fs 
made in cells Nos. 1, 2 and 3 go to a 16 inch elevator 
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where it is elevated to a small aleviating tank, No. 19, 
which is only a feed tank supplying material to the 
five cleaners which are all in pairs—have been in pairs, 
but are now as one machine—and as we follow the 
rougher concentrate it enters at this point and travels 
through these five machines or five cells to be washed, 
ihe same making a cleaner concentrate and a cleaner 
tail. Now, that cleaner tailing is no more than a mid- 
dling product, the same as the concentrate recovered 
on the last four cells of the rougher machines and it 
goes back again to be retreated together with the orig- 
inal feed that is coming at all times, and that is a con- 
tinuous operation. Now, the cleaner concentrate that 
is made upon this cleaner unit is elevated again to this 
tank 20, and goes to the recleaner where a final con- 
centrate is made. The recleaner tailing goes to the 
tougher concentrate elevator and the recleaner cells 
where it is in a closed circuit, it being a little higher 
grade than the cleaner tailing. Then the tailing re- 
sulting from the No. 7 cell of the rougher machine 
goes to air cells of the pneumatic type, there being 14 
in number. However, I have not shown the 14 as I 
wished to reserve this space, but there are 14 of them 
—where a final tailing is made from these air cells 
which goes to the tailings pond and to waste. The 
concentrate or middling product which is produced by 
these air cells goes back again through the system as 
a middling and is retreated with the original ore that 
enters the machine or enters the plant from the con- 
centrating department of the mill. 


- 
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Q. 70. MR. WILLIAMS: What is the arrange- 
ment of these air cells? Are they all in series? 

A. They are all in parallel. 

©. 71. All in parallel? 

A GE 

Q. 72. So that the tailings go through— 

A. (Interrupting) 14 of them. 

©. 73. 14 of them? 

Fees, sir, i parallel 

Q. 74. One after the other? 

A. Not if they are in parallel, no. 

Q. 75. In parallel the tails would be divided int) 
fourteen different lots, each going through one ma- 
chine? Is that right? 

eve Yes, Sir. 

Q. 76. That is what | supposed, but 1 wanted to 
make it clear? 

A. Yes. 

QO. 77. Where do you put your oil in? 1 suppose 
you use oil, a little? 

A. Yes, I think we do, a little. We put the oil in 
before it comes to the elevator. We have put the oil 
in at the junction box and also the sludge tank. We 
are provided to put oil in at these places, but right now 
we are adding the oil to the feed as it comes to the 
flotation plant from the water concentrating depart- 
ment: 

QO. 78. MR. GARRISON: Can you indicate on 
there the place where you feed the oil? 

A. (Witness indicates on drawing). 
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Q. 79. MR. GARRISON: How have you indi- 
cated it? 

A. By putting a circle and “oil feed’ on there. 

Q. 80. Have you any copies of this drawing? 

A. I haven’t any copies of this particular draw- 
ing but I will endeavor to furnish copies for tomor- 
row, a number of them, so that your representatives 
will be as familiar as they would be if they had this 


one. 


WHEREUPON an adjournment was taken un- 
til Monday, April 30th, 1917, 10:00 A. M. 


10 o'clock A. M. ‘April 30, 1917. 


MR. GAKRISON: Ji your honor please, two 
weeks ago yesterday we served upon defendants a no- 
tice to produce various papers, and in response there- 
to, after producing somie papers, they stated that they 
would be unable to definitely respond to the balance of 
the notice until they had had further opportunity to 
make search, with which your honor concurred, very 
properly. It has now been two weeks that they have 
had this opportunity, and ] desire to renew the call, par- 
ticularly with respect to the vouchers, checks or other 
evidences of payment of moneys by the defendant cor- 
poration to James M. Hyde. 

MR. KREMER: lf theretiseanythine of the sone 
found we will produce it. 


THE COURT: Are you able to answer now? 
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MR. KREMER: I can not answer now because 
1 have not paid any particular attention to the in- 
quiry, outside of my first inquiry. I will ascertain at 
the noon hour if they have found anything. If they 
have, they will be glad to produce it. 

MR. GARRISON: The suggestion was that they 
had to communicate with New York, and they have 
had time to do that. 

MR. KREMER: If we have found anything we 
will produce it. J don’t know whether they have got 
anything from New York or not. I have not in- 
quired since the first day. 

THE COURT: Are you ready to proceed this 


morning ?; 
MR. a 2: Jf your honor please, we noticed 


a motion in this case, for leave to file an amended 
and supplemental bill. J don’t know whether there 
will be any objection to it. 

PiretoRE MEK: Yes = \Werdesire to object tome 
filing of the proffered supplemental and amended bill 
for the reason that said supplemental bill is not a 
supplemental bill within the contemplation of law or 
tierpuocess of this court, in that it sets forth only sie 
matters which were known to the complainant and 
plaintiff during practically the entire pendency of 
this suit. For the further reason that no proper or 
sufficient or any showing has been made which would 
justify the filing of the supplemental or amended bill. 
The paper proferred is accompanied by a notice that 
the complain, will, on April 30th, move the court for 
‘eave to file a so-called supplemental and amended bill 
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of complaint, a copy of which is attached to the no- 
tice. There is no other showing made to the court. 
We object for the further reason that the so-called 
paper or document is conjunctive, in this, that it pur- 
ports to be a supplemental, as well as a amended Dill, 
and no showing is made to the court, by petition or 
otherwise, which would justify the filing of the bill as 
drafted. [For the further reason that the bill, upon its 
face, discloses the fact that under the law governing 
the filing of supplemental pleadings, and particularly 
supplemental bills, and under the decisions of the 
courts regulating the filing of the same, this supple- 
mental bill is inproper for the reason that it sets forth 
only matters which were disclosed, by the very nature 
of the allegations, to have been known to the complain- 
ant at all times during the pendency of this suit, and 
the application for leave to file the supplemental bill 
is not timely and was not made until this case had 
proceeded a number of days, although at all times 
the complainants, according to their own allegations, 
were advised of the conditions therein contained. That 
is shown by their own allegations and the allegations 
in the prior pleadings in this case. 

For the further reason that the attitude of the 
complaint, in now applving to file this supplemental 
hill is not one of equity, in that they came into this 
court and proceeded to introduce their testimony and 
concluded their case, plaintiff holding itself out as 
the owner of this patent and entitled to proceed with 
this lawsuit, with a view to obtaining such benefits 
as it might obtain through the lawsuit, withholding 
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from the defendant ‘all of the information now con- 
taned in this supplemental bill, and no application 
was made or notice given to file a supplemental bill un- 
til after the defendant had placed upon the stand Mr. 
John Ballott, whose testimony disclosed that it was 
known to them at all times, the fact that this plaintiff 
was not the real party in the case. 

We further object for the reason that in order to 
file a supplemental bill it must be apparent that the ap- 
plication is made timely and that the matters and 
things set forth in the supplemental bill are of such a 
character that they develop during the pendency of the 
suit and were acted upon with expedition and with dili- 
gence when they were disclosed. And it further ap- 
pears that by the exercise of due and reasonable dili- 
gence facts, or alleged facts, set forth in the supple- 
mental bill should have been presented to this court 
long before the time of their application. 

We further object to the fling, if I might segregate 
it—I don't know how I can when the paper is labeled 
one and the same thing. A conjunctive appellation of 
supplemental and amended bills—but referring to that 
portion of the bill that sets forth what is purported to 
be amendment to and in substitution of paragraph 8 of 
the bill of complaint, the defendant objects to the al- 
leged amendment for the reason that it is not timely: 
for the reason that all of the contentions therein con- 
tained were objected to by the defendant herein at the 
time of the attempted introduction of proof and a rul- 
ing was made that the complaint was broad enough to 
admit the character of testimony to which the objection 
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was directed. That being so, it is not timely now to 
propose this amendment, and particularly is the amend- 
ment not to be allowed for the reason of the long de- 
lay and lack of diligence in filing the same, and for the 
further reason that the said amendment, under its very 
allegation, is not sufficient in law, and by reason of this 
fact it is apparent it should not be permitted to be filed 
in view of the fact that no showing accompanied it 
and it is contrary to the decisions of the Supreme Court 
of the United States involving a like matter of law. 

We submit the motion. Has your honor looked—I 
don’t know as it is just fair to submit it. I think I 
should advise the court. 

THE COURT: I certainly should know what is 
brought into the case or attempted to be brought into 
the case by this new bill. 

MR. KREMER: If your honor please, by this sup- 
plemental bill, first, as I have stated in the objection, 
there has been no showing made to this court.. My 
understanding of the practice is a showing must be 
made to the court for leave to file a supplemental bill; 
there must be something affirmative before the court, 
and there is nothing before the court, not a mere paper 
to which is attached a notice. I think upon that ques- 
tion of practice we all have an understanding of what 
is necessary. I don’t know that all that is necessary 1s 
to present a paper. I think you must make a showing 
to the court, your reasons for desiring to file the sup- 
plemental bill. Now, I understand the further fact— 
I wish you gentlemen would correct me if I misstate 
this, because I am not quite as familiar as vou are 
with it. 
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MR. KENYON: We will be glad to do so. 

MR. KREMER: I think I can state it from the al- 
legations. The supplemental bill alleges that the plain- 
tiff, Minerals Separation Limited, entered into a con- 
tract or agreement of American rights, using the term 
broadly, of this patent on the 10th day of October, 
1910, when there was granted to the Minerals Separa- 
tion, American Syndicate, Limited, the plaintiff herein, 
certain rights under said patent for a term of years. 
These rights were renewed by a written instrument 
from time to time up to 1916. Now, although it is 
shown to have been known that the Minerals Separa- 
tion, American Syndicate, had certain rights, they were 
not made parties plaintiff to this suit. We had no in- 
-formation, that is the defendant. And later it is al- 
leged— 

MR. KENYON: You want me to correct you if 
you have made a misstatement of the facts? 

THE COURT: You better let them take that and 
they can present their side of the motion. 

MR. KREMER: All right, I would be very glad to 
have them state it. 

THE COURT: You have completed your objection, 
i ipeelerenter © 

MR. KREMER: Yes, I have completed my objec- 
tion. 

THE COURT: Let them proceed with their mo- 
tion. 

MR. KENYON: The objects of the amended and 
supplemental bills are several. I will take them up in 
order. First, it is decreed the mandate of the Su- 
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preme Court in the Hyde case, the disclaimer that fol- 
lowed in consequence and the final decree that was 
entered in the Hyde case. Attached to this supplemental 
bill of complaint is a full copy of the mandate, with its 
date; of the disclaimer with its date; and of this final 
decree with its date, these documents showing that 
these various things occurred and they are proper mat- 
ters for supplemental bill, not under the ordinary and 
accepted practice, but under the very rules of this 
court itself, where in rule 24, under “Supplemental 
Proceedings” it-is stated: “‘Upon application of either 
party the court or judge may, upon reasonable notice 
and such terms as are just, permit him to file and serve 
a supplemental proceeding, alleging material facts oc- 
curring after his former pleading.” Under this branch 
of it, this branch of our supplemental bills comes in. 
Another branch of the supplemental pleading is 
what our motion and bill substantially amounts to, a 
plea to intervene by Minerals Separation, North Amer- 
ican corporation, to acquire title on December 7th, 
1916, such title as the Minerals Separation} North 
American corporation, acquired on December 7th, 1916. 
This supplemental traces back to its origin along in 
1913. Giving the original document of July—some 
day in July, 1913, when Minerals Separation, Limited. 
one of the plaintiffs and Minerals Separation, Ameri- 
can Syndicate, 1913, ‘an intervening British corpora- 
tion, together agreed, the one to sell and the other to 
purchase the beneficiary interest in the American pat- 
ents, including the patent in suit, upon the happening 
of certain conditions and the making of certain pay- 
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ments. Our supplemental bill alleges that these condi- 
tions were finally perfected, and these payments were 
finally made in October, I believe it was, October 6th, 
1916, at which time, last October, became invested in 
this intervening American Syndicate, the beneficial in 
terest of these patents, legal title to which still re- 
mained in the Minerals Separation, Limited. And, as 
I say, on December 7th, this new corporation that now 
asks to be admitted as a party plaintiff, Minerals Sep 
aration, North American Corporation, #equired the en- 
tire right, title and interest of this intervening Ameri- 
can Syndicate of 1913 in this patent for whatever that 
1913 Syndicate had, and in all causes of action that had 
accrued to this 1913 syndicate in the interval of its 
ownership. Therefore, this Minerals Separation North 
American Corporation, that now asks to be made a 
party plaintiff, while not the owner of the legal title to 
the patent, that remains in the Minerals Separation, 
Limited, at the present time, is the owner of the bene 
ficial interest in that patent, and is therefore in equity 
properly, and rightfully to be included as a party plain- 
tiff; and for the purpose of the accounting that we an- 
ticipate, should be a necessary party plaintiff to the erid 
that the defendant itself may be protected from any 
further litigation connected with the same acts of in- 
fringement of this patent. And that is the purpose of 
bringing in this new plaintiff at this time, in defendaSt 
of the defendant, so that every possible interest that 
has any equitable right of any kind in the accounting 
shall be actual parties to the accounting and bound by. 
it. On the face of the papers the proceedings occurred 
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as of the date October 6th last and December 7th last. 
[t hardly appears that any additional affidavit of dili- 
gence need be filed as to the delay in the interval be- 
cause no possible harm can have been occasioned the 
defendant by that, and this bringing in of this cor- 
poration makes the pleading now accord with the facts 
that were brought out for the first time in the testi- 
mony of Mr. Ballots. These are facts occurring then 
since the bill was filed, having to do with an equitable 
interest that will be concerned in the accounting and is 
properly brought in this form of pleading. 

As to the amendatory character of the bill, it con- 
sists of two measures; first, as to the Hyde and the re- 
lations of this defendant to the defense of the Hyde 
suit. We strike out by this amended bill our allegation 
in that regard in the original bill and substitute an 
amended allegation, stating the facts as we now under- 
stand them, making the pleadings agree with the proof, 
the proof that has been brought out here in the Jast 
few days, and which we could not in the nature of 
things, have been known until we saw this correspond- 
ence and examined these witnesses. That part, there- 
fore, of the amendment is merely to make the pleadings 
agree with the proof. 

‘And, finally, there is only one branch left, and that is 
a residuary interest, a certain residuary equitable in- 
terest in a third and the original American Syndicate 
that is called ‘Minerals Separation, American Syndi- 
cate, Limited,” which is the British Corporation of 
i910. 


‘Counsel, in following back these coimplicated title 
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papers connected with these three successive American 
corporations, one of 1910, a British corporation, one 
of 1913, a British corporation, and finally this last one 
of 1916, an American corporation, discovered just 
within a few days for the first time that there was this 
residuary equitable interest, left hanging in the air, as 
it were, and never assigned to anybody, an interest 
that accrued—a right of action that accrued to this 
1910 American syndicate, by reason of infringements 
occurring between October 10th, 1910, and October 
10th, 1913, because as the papers show that we at- 
tached to this document, on October 10th, 1910, that 
first of the three American corporations became an ex- 
clusive licensee under the patent in suit, and so re- 
mained until October 10th, 1913, when its license ex- 
pired by limitation, and when all other rights and in- 
terests that were vested in it, were, by the British coun- 
sel who prepared these papers, transferred to other in- 
terests and reverted to Minerals Separation, Limited. 
But there was omitted from that document, as it 
chanced, such interest as had accrued to that first 
American syndicate of 1910 in the recoveries that 
might be made against infringers who infringed dur- 
ing that period, that is, from October, 1910, to October 
{0th, 1917. That happens to leave a small part of the 
infringement that will have to be accounted for here, 
in case a final accounting is decreed, and while an ex- 
clusive licensee under the authorities can not maintain 
an infringement in his own name— 

MR. SHERIDAN: Oh, yes, he can. 

MIR. KENYON: It can properly be joined with the 
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owner of the legal title in such an action for infringe- 
ment. That is correct, isn’t it? 

MR. SHERIDAN: Yes. 

MR. KENYON: The question of the legal title and 
the question of exclusive license for the period men- 
tioned, that old syndicate of 1910 may properly be 
joined as party plaintiff, and that syndicate, which oth- 
erwise is now defunct, but still legally in existence, asks 
to be permitted to intervene here as a party plaintiff, 
to the end that even that interest, whatever it may be, 
and remote though it be, may be represented in the ac- 
counting, so that the defendant may never at any time 
hereafter be called upon by that ancient corporation to 
respond in damages for that infringement. That cov- 
ers the whole substance of our amendment and supple- 
mental bill, and seems to properly amend and supple- 
ment the pleadings, so that all interests, equitable and 
otherwise, that might by any possibility be concerned 
in that accounting shall be before the court and bound 
by whatever that accounting results in once and for all. 
If counsel for the defendant are not inclined to accept 
our statement—the statement of counsel [| mean—that 
this residuary interest of many years ago was un- 
known to exist by the British counsel and unknown to 
the parties themselves and only brought to light by our 
investigation here recently, we will present an affi- 
davit to that effect, or testimony in court. Now, that, 
it seems to me, is the only possible point on which any 
affidavit as to diligence would be required. 

MR. KREMER: After hearing the statement of 
counsel I ask leave to supplement my objections by 
three additional objections. 
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Defendant further objects for the reason that un- 
der the statement of counsel, an attempt is being made 
to split the causes of action; for the further reason 
that under the statement of counsel the pleading's 
should not be permitted to be filed because, assuming 
that an accounting should be ordered—only assuming 
this by way of argument—it would be improper to per- 
mit this pleading to be filed, because, this being the 
date of the application for filing the alleged supple- 
mental bill, under the statutes of the United States it 
would be impossible or improper to permit anyone, 
either the plaintiff or any one of the proposed plain- 
tiffs, in the supplemental bill, to ask for an accounting 
for a greater period than six years, as the statute of 
limitation prescribes a six years’ period for an account- 
ing, and the six years would run back from today. 

For the further reason, that this being an action in 
injunction and accounting it is improper to permit any 
party to intervene who has nothing more than an ac- 
tion at law, if an action at all, and it is an attempt to 
permit a party to become a party plaintiff whose right 
of action, if any, would be confined to an action at 
law, an action for damages. I am now referring par- 
ticularly to the last corporation—I can’t keep track of 
their names—I think it is the Minerals Separation 
North American Corporation. 

Having added those objections I would like to reply 
briefly to counsel. 

At the outset, if your honor please, it was stated that 
the paper submitted was offered for the purpose of 
pleading a disclaimer. Such a position can not be ten- 
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able upon the face of this record. There has been filed 
here a proper supplemental answer, setting forth the 
fact that the plaintiff in this case did not file a dis- 
claimer. Under the rule it is unnecessary for them to 
reply thereto and that issue is before the court regard- 
less of their proposed supplemental bill, the question of 
whether or not a disclaimer was filed. That matter is 
before the court under the rules of practice, and the 
issue is joined. 

Now, insofar as the pleading of the mandate of the 
Supreme Court of the United States in the Hyde case 
is concerned, the final decision in the Hyde case is 
pleaded upon the face of the record heretofore exist- 
ing, and it is unnecessary to plead the mandate of that 
court. It is not the mandate that gives the decision 
any force or effect, and there is no attempt in this case 
and has been no attempt to admit the face of the rec- 
ord in the Hyde case. The existence or possible ex- 
istence of that mandate would not give force or effect 
to any action that the plaintiff could take under this 
supplemental bill that they could not have taken under 
the original complaint herein on file, and particularly 
under the supplemental answer filed by the defendant 
herein. Therefore I say that there is no reason for the 
statement to the effect that this bill is made necessary 
by reason of a necessity of pleading the disclaimer or 
the mandate. The matters are before the court by im- 
plication of law, and there is no reason for tendering 
the supplemental bill at this hour. That this is in fact 
a petition for intervention, I take it that it can not 
come before this court in the guise of a supplemental 
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and amended bill of complaint. There is a vast dis- 
tinction between a petition for intervention and a sup 
plemental complaint or an amended bill. Why, I say a 
vast distinction—one is the antithesis of the other, in 
this, that the petition in intervention is addressed to 

this court by a stranger to the proceedings, who asks 
leave to come in and have his cause litigated in the 
cause between these other parties. The supplemental 
bill is a proceeding, which, under the discretion of the 
court in proper cases, might be filed for the purpose of 
permitting then existing litigants to set up in the rec- 
ord something that has transpired subsequent to the 
filing of the original pleadings and the joinder of the 
issue. An amended complaint is a pleading directive 
in the nature of a curative character, to a pleading al- 
ready in existence; and if this is, in fact, as counsel 
now states, a petition in intervention, it can not be of- 
fered to this court for filing in this guise. 

Now, as to these various corporations I think that } 
was Stating the case quite correctly. Regardless of the 
recontation of these various rights, of these corpora- 
tions at various times, the fact remains that these mat-. 
ters must have been known—and I am not speaking of 
counsel, because I take the statement of counsel that 
they did not know—but 1t must have been known to the. 
officers of these corporations who, as I understand it, 
are extremely closely allied—I am not sufficiently fa- 
miliar with the organizations to make the broad state- . 
ment that they are the same—but these facts must have 
been known to the plaintiff, and there is no showing 
that they were not known to the plaintiff. It is not a 
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question whether counsel knew; the client may have 
withheld information from counsel, with design—I am 
not saying that they did, if your honor please, but I am 
only illustrating that the knowledge of counsel is not 
necessary. The very paper that is here presented ad- 
mits that these contracts were in existence. 

_ Now, then, the equity of this situation, — What is 
it?; Before proceeding with the amendment, I would 
like to digress here to discuss the matter of this so- 
called supplemental bill. What is the equity of the 
situation? Suppose, if your honor please, this case had 
gone on without our discovery of this condition—and | 
use the word discovery of this condition advisedly— 
without our discovery of this condition, and let us sup- 
pose that that condition does exist, that in this litiga- 
tion this patent will be declared invalid. When that 
decree is entered, decreeing the invalidity of this patent, 
what would have been the position of this defendant? 
Would not the Minerals Separation, North American 
Syndicate, or Minerals Separation, North American 
corporation, or any one of the other shadows that have 
lurked in this darkness, protruded themselves into the 
light of day and say “No, you are not relieved, because 
{ claim a right, and you must litigate this all over 
again.” Now, that is the position. These facts were 
known to them. It is the clearest case of doing equity 
that I have ever known. They come into equity and 
ask equity, and at the same time they have withheld the 
real parties in interest in this litigation, and it was only 
when we, in opening our defense, called to the stand the 
president of one corporation and chairman of the board 
of the other, and brought into this record the fact that 
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there was still another party in interest. Now, that is 
the reason. There is a strong reason in equity that 
these things should not be done, and we seriously op- 
pose the filing of this so-called supplemental bill at this 
time. 

I don’t want to needlessly take up the time of the 
court; I think I have stated my position as clearly as I 
can, but now, directing my remarks to the amendment 
or the portion of the bill designated as an amendment 
to the original bill: In the original bill they complain 
in paragraph 8—In that paragraph everything is set, up, 
if your honor please, that is set up in paragraph 8, ex- 
cept the recontation, or at least an attempted narration 
of the plaintiff’s interpretation of certain evidence in 
this case, which they have made in this proposed. 
amendment. In paragraph 8, I objected to the intro- 
duction of testimony under it, as your honor will re- 
member, and argument was had, and my objection was 
overruled. 

(Counsel read paragraph 8.) 

In paragraph 8 in the amended bill, all that they have 
attempted to do, and [I believe counsel will agree with 
me in this statement, is to give their interpretation of 
the evidence. They may not subscribe to my interpo- 
lation of the word “interpretation” either, but it is their 
view of the evidence that is attempted to be set forth in 
this so-called amended bill, and it is improper because it 
is a pleading of their interpretation of the evidence. 
There is no reason on earth why this amendment should 
be filed. The issue, I submit, is raised by their para- 
graph 8 in this case, because your honor has ruled that 
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it is properly in this case. Now, that being the state of 
the record, it is a useless thing and an improper thing 
to permit an amendment which sets forth merely an in- 
terpretation by the plaintiff of the evidence in this 
case, and we ‘believe that, if your honor will examine . 
the two paragraphs, that you will conclude that it is 
nothing more than— 

THE COURT: In spite of the ruling which was 
made, they may think it wise to throw out an anchor 
to windward. There may be an appellate court. 

MR. KREMER: There is no reason, and there is 
no rule of pleading to permit the introduction into a 
pleading of an interpretation of the evidence. If it 
does state a condition which will permit them to have 
redress if they have been aggrieved, that is sufficient 
inlaw. They have set forth here an interpretation of 
the evidence. Now, I desire, to add this, before con- 
cluding; that in addition, after they have set forth their 
interpretation of the evidence, they say that to that 
extent—that is to say, to the extent of the letters pat- 
ent in suit, 835120, may vary as to claims 1, 2, 3, 5, 6, 
7 and 12 and I included by the acts and operations that 
are complained of, that this defendant is estopped. 
You see? Leaving out of the matter of their attempted 
plea of estoppel, claims 9, 10 and 11. TI think I have 
correctly stated that. 

MR. GARRISON: Those are the ones that are left 
out? . 

THE COURT: The new one excluded 9, 10 and 11. 

MR. KREMER: Yes, sir, the new one excludes 9, 
10 and 11. I think I should state this to the court, be- 
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cause that is the legal effect of this amendment, aside 
from the fact that this interpretation of the evidence is 
here incorporated. I am not going to read it, but I 
have read the short paragraph which sets forth not 
what entitles them to redress but merely the so-called 
evidence or their interpretation of the evidence which 
they claim to have been introduced in this case. Now, 
I can not see the necessity of such an amendment, if 
under the original pleading all of the claims are in- 
cluded; this would serve no good purpose by way of re- 
linquishment, because the law would relinquish them, 
and we submit that this supplemental bill is an improp- 
er document to be filed at this time, and that it is im- 
proper to combine the various elements there which are 
sought to be combined in this pleading, and there is no 
sufficient showing that the bill should be filed. 

MR. KENYON: May I state just a word on one or 
two of these points? On the second day of the trial 
we gave defendant’s. counsel informal notice that we 
would prepare a supplemental bill, and there was some 
discussion connected with it, and this‘the outgrowth of 
that. 

MR. KREMER: Mr. Kenyon, I very much dislike 
to interrupt counsel, but may I ask you the question to 
avoid the necessity of rising again? Wasn’t that notice 
given after Mr. Ballot had testified? 

MR. KENYON: I think it was. : 

MR. WILLIAMS: Yes, a few minutes afterwards, 
and I think that we should also say that counsel con- 
sidered the matter on the train coming out here, and 
decided to file a supplemental bill as soon as they could 
study the numerous documents and reach a conclusion 
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as to what was necessary to give to the defendant that 
protection which would arise from including all the 
parties who had any action against the defendant. 

MR. KENYON: And we had to telegraph to the 
east to get some of these documents. Now, counsel 
speaks of a six year limit under the law. That is true. 
An infringement that occurred prior to six years be- 
fore the filing of the bill of complaint is barred by the 
statute of limitations. Therefore, as to this 1910 cor- 
poration, there is no doubt that it could not prosecute 
an infringement occurring six years prior to the time, 
whenever this supplemental bill is filed. But that is a 
question of the extent of the infringement, a question 
to be properly brought before the master, and not a 
question to be determinative of whether that party 
could sue or not within the six years. It so happens 
here that it already appears in evidence in this case 
that the defendant’s operations did not begin until the 
first of July, 1911, so it is merely a moot question here. 

Now, as to the question of these two new parties 
here splitting actions, and that an exclusive licensee has 
an action only at law. In the second proposition, coun- 
sel is correct. When it sues alone it can sue only at 
law for damages that have been done to it, but nothing 
is commoner in the administration of patent law, and 
the books are full of illustrations of the proposition that 
an exclusive licensee, although alone he can sue only 
at law for damages, may be joined with. the owner of 
the legal title in a suit in equity for that same infringe- 
ment, and when so joined can participate in the prayer 
for injunction and in the accounting for the profits, as 
well as for damages. 
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Therefore, this that we propose is not a splitting up 
of actions, but just the reverse, a consolidation of ac- 
tions. It is a non-splitting of actions; it is a consoli- 
dation of all of them into one action whereby with one 
proceeding and one accounting every right and every 
obligation of these defendants, and of all these plain- 
tiffs shall once for all be determined. Defendant’s 
counsel illustrates: Suppose we had kept these equit- 
able interests in the dark, and had proceeded in the 
name of the owner of the legal title only and had in the 
end invited the catastrophe of a decree declaring the 
patent invalid that then we might have brought suit in 
the name of one of these exclusive licensees and sued 
all over again. We are quite anxious to save him from 
that possible disaster. We are—we ask that the ex- 
clusive licensee be joined here so that it will be bound 
by that decision and never again be able to raise its 
voice. That relieves him and protects him. This court, 
under its own rule 19, has the broadest discretion in 
the matter. “The court may at any time, in further- 
ance of justice, upon such terms as may be just, per- 
mit any document, proceeding, pleading or records to 
be amended or material supplemental matters to be set 
forth in an amended or supplemental proceeding. The 
court at any stage in the proceeding will disregard any 
error defect in the proceeding which does not affect the 
substantial rights of the parties.” Now, our opponent 
says it is not nfecessary to plead the decree in the Hyde 
case. 

MR. KREMER: No, not the decree. 

MR. KENYON: The disclaimer? 
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MR. KREMER: No, the mandate: 

MR. KENYON: Then it will do no harm to plead 
the mandate. Pleading the decree expiains the decree; 
pleading the disclaimer and the interval between the 
two explains at all times the disclaimer and the final 
decree; and that a disclaimer can properly be treated is 
also permissible and is often done. In Fellows v. Bor- 
geteceored, 901, the Circuit) Court ofr ppealsy ce 
ond Circuit, allowed the plaintiff to ask the district 
court to file a supplemental bill after a disclaimer, in 
order to set up the disclaimer, and the District Court 
allowed it and it was filed and the case was reheard on 
the merits and went to the Circuit Court of Appeals on 
the merits of the treating so amended. And as to the 
Hyde amendment, some of the allegations of our bill 
were incorrect. We wish them amended in accordance 
with the evidence. In some respects they were incom- 
plete and we wish that incompleteness supplemented in 
aceordance with the evidence, and made complete and 
the residuary right of this old 1910 corporation extend- 
ed not only to counsel but to the parties themselves. 
They were ignorant of it until within a few days when 
we discovered this matter in conning over these numer- 
ous documents that were admitted in evidence; they 
were ignorant that anything had been left, any prop- 
erty had been left in that 1910 corporation. The pur- 
pose had been to absolutely denude it of every possi- 
bility, of every right of every kind. But this right of 
action and any interest in a right of action against in- 
fringers had during this period tred apparently been a 
thing unknown to British counsel and had not been in- 
cluded in any of the general language. 
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We will, if your honor please, file an affidavit that 
the parties themselves were ignorant until within the 
last week or so, of the fact that there was any right of #7 
kind with reference to this infringement left in the 
old 1910 corporation, if your honor wishes such an af- 
fidavit on file. 

MR. KREMER: I don’t think that that would ex- 
cuse them at all. The fact that they did not know that 
which they should have known is not any excuse. It is 
purely a question of law and legal right and we can 
apply the basic maxim ignora legis nemine excusat. 
They cannot take advantage of a condition of that sort 
by saying that they did not know or they supposed the 
record had been left in that condition. They could 
have come in here and sued for it, and alleged recov- 


ery. I do not care to take up the time of the court, but 


P. 3331, L. 18, insert “ concerned the only excuse offered 
for this amendment is ” after “ ig” 
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ficient excuse. As a matter of fact, neither the com- 
plaint nor the amended complaint states the facts or 
any portions of the facts as disclosed by this present 
record before the court. The unimpeached record be- 
fore the court at this particular time, in this case, is 
that Mr. Hyde had sold his rights, and that the Butte 
& Superior had purchased them for an expenditure 
equal to the amount of the cost of the litigation. There 
was no evidence of the control of the litigation or any- 
thing of that sort. Now, we submit the matter. 

THE COURT: Does this supplemental bill pur- 
port to take the place of the original bill or simply an 
addition to it? 
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MR. KENYON: An addition to it only in respect to 
one paragraph, paragraph 8 does amend it. 

THE COURT: Well, the main feature seems to 
bring in these parties who have a right to share in the 
fruits, if there are any, for the plaintiff. There is an 
old maxim that courts of equity delight to do complete 
justice and not by halves. I will take the two plead- 
ings and look them over and dispose of them in the 
morning. You may proceed with the case. 


BEN. H. DOSENBACH resumed the stand for 
further 


DIRECT EXAMINATION. 


Q. 81. Mr. Dosenbach, have you ever investigat- 
ed the possibility of concentrating by fiotation and a 
froth with the same amount of oil that is recognized 
for this Cattermole process in which the mineral ts 
sunk? 

A. I have. 

Q. 82. How have you proceeded with this investiga- 
tion? 

A. I have performed an experiment in what is called 
the cone Gabbett, using a proportion of oil to ore that 
is Over one per cent and which is very close to the pro- 
‘portion recognized in the Cattermole patent, that being 
4 to 6 per cent relative to the metalliferous mineral con- 
tent. The amount of oil relative to ore that I propose 
to use and that I have used is one and one-half per cent, 
which reduced to proportions compared to the metallif- 
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erous mineral content is about seven per cent. In the 
experiment I performed I used oleic acid and Butte & 
Superior ore. 

Q. 83. Suppose you just describe the procedure be- 
fore you do it so that we will know what to look for? 

A. In the experiment that I am about to perform in 
the cone Gabbett machine, using a proportion of oil 
that is over one per cent and also a proportion of oil 
recommended in the Cattermole patent, I will use 300 
ems. of Butte & Superior ore containing about 14.8 
per cent zinc. I will add to that 1500 c.c. of water at a 
femimerature or 32 9Cy) lewilltuse also l c.c, of sul- 
phuric acid concentrated and 5 c.c. of oleic acid, which 
is equal to 4.5 gms. or one and one-half per cent rela- 
tive to ore. The agitation will be continued for possi- 
bly six minutes, at a speed of 1609 to 1700 revolutions 
per minute. 

Q. 84. And what will the result be of that first agi- 
tation? 

A. The result will be a froth. 

Q. 85. And then what do you propose to do after 
you have obtained that froth? 

A. I will reduce the agitation and it will be noted 
that the mineral sinks. And, by again increasing the 
agitation it will be noted that there is a froth formed. 

QO. 86. A second froth? 

A. A second froth. 

QO. 87. And who will—and how will you ‘conclude 
the demonstration? 

A. I will conclude the demonstration by reducing 
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the agitation again, sinking the mineral and separating 
the mineral in an upcast, as is done and recommended 
in the Cattermole patent. . 

Q. 88. And all of these operations will be conduct- 
ed in the very same mixture? 

A. They will. 

Q. 89. Now, as I remember the Cattermole patent 
refers to the quantity of mineral, the metalliferous con- 
tent of the ore. That expression does not mean the 
mineral itself, zinc? 

A. Refers the oil to the metalifferous mineral. 

©. 90. What is the metalliferous mineral in zinc 
ore? 

A. The sulphide of the metal. 

©. 91. You gave its contents 14.8 zinc. Is that me- 
tallic zine? 

A. Metallic zinc. 

Q. 92. And how much of a per cent of blend in 
which that zinc is contained that is taken into account, 
the weight of the sulphur contained with the zinc? 

A. 21.75 per cent metalliferous mineral or zinc sul- 

ohide would be equivalent to 14.8 per cent zinc. 
- Q. 93. Now the oil is one and one-half per cent of 
the weight of the ore and the ore contains approximate- 
ly one-fifth metalliferous mineral, that is a little over 
twenty per cent? 

ee hes 
- Q. 94. So that you arrive at the relation of the oil 
to the metalliferous mineral by multiplying that one 
_and one-half per cent by approximately five? 


Butte & Superior Mining Company. — . : 3335 
Ben H. Dosenbach. 


A. Yes. In actual figures it is less than five so 
that the amount of oil relative to the metalliferous min- 
eral present or the zinc sulphide amounts to 7/.0— 
something which is just a little above seven per cent. 

Q. 95. Now [ think you may proceed with the ex- 
periment? 

A. Ifa representative of the other side is here we 
will give them a sample of the oil we are going to use. 

(Performing Test #33.) 

I have now placed into the cone Gabbett machine 300 
gms. Butte & Superior ore. I will now add 1500 c.c. 
Oiewater at a temperature of Jo C. 

MR. WILLIAMS: I would like to give notice to 
Mr. Scott of a request for a little specimen of each of 
these froths that is to be made. I think one-tenth of a 
gramme of each will be satisfactory to us if that will 
not interfere with the operation. 

THE WITNESS: [It will be a pleasure to give it to 
you. After having added 1500 c.c. of water I will add 
l c.c. of concentrated sulphuric acid and will also add 
5 c.c. of oleic acid and will start agitation. 

QO. 96. MR. SCOTT: Now, Mr. Dosenbach, just 
state what the result of that experiment has been. 

A. After stopping agitation, having agitated the 
mixture for a period of six minutes, a highly mineral- 
ized froth appears on the surface and the tailings are 
now settling and are very clear—appear to be very 
clean, and are comparatively light in color, settling 
very rapidly. The mineral froth that was formed is 
about one and one-eighth inches in thickness. 
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Q. 97. Now, Mr. Dosenbach, you are next going to 
remove the baffles? 

MR. SCOTT: I would like to have your honor see 
the process that goes on when he removes the baffles. 

@. 98. Mr Dosenbach, will it interfere with you at 
all if you would agitate 7” with the baffles ir before 
you do it? 

Eo NO. 

MR. SCOTT: He will give it the same agitation 
he did to make the froth, for a few seconds, and then 
he will change the agitation for the next step. That 
is the way he made the froth, with the small baffles 
in. 

Q. 99. Now, go ahead with the next step so the 
court can see the difference in the way of agitating it. 

A. Jt has a sort of a honey-comb structure on 
top, pitted. 

QO. 100. What do these pits come from? 

A. The release of certain air that allowed these 
pits to form. ; 

Q. 101. What have you just done with the belts? 

A. J have changed belts so as to get a lower 
speed. This rheostat and motor would not allow for 
a slow speed. 

Q. 102. The speed before was about 1700 revolu- 
tions per minute? 

A. No, I took the speed to be 1450 while it was 
operating. 

Q. 103. Now it will be what? 

A Abou s00: 
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Q. 104. You are going to leave the baffles in? 

A. Yes, I am going to leave the baffles in. 

Q. 105. How long are you going to agitate it this 
time? . 

A. It usually takes five to ten minutes to take 
fie aim out of there, out of the pulp. 

MR SCOUT. let themecomdi= stow that ihe agita- 
tion was stopped in five minutes. 

Q. 106. And then what happens, Mr. Dosenbach? 

A. The mineral sank to the bottom; there was 
no semblance of a froth present on the surface. 

O07, Mix, WIEETAS: just a few little par- 
ticles here and there? 

A. Just a few little particles here and there, pos- 
sibly ten or twelve. 

©. 108. MR. SCOTT: Now, what do you pro- 
pose to do next? 

Pom leevdll increase the agitation as agitated [e- 
fore and the result will be a froth or I hope it will be. 

©. 109. And after that you propose to form the 
granules again and separate them in the un-cast? 

Vee ocparate them in the mets, You can seo ie 
the mineral has sunk to the very bottom. 

©. 110. Just show the court the upcast before we 
go any further. 

A. The upcast is a sort of a classifying arrange- 
ment whereby these heavy mineral particles that have 
now settled in the Gabbett— 

QO. ti. Coming in here? 
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A. They will be emptied into the classifier or up- 
Cast. 

Q. 112. And what is this tube leading into the 
bottom? 

pom Wiateis Water that 1s fed) iron the: taniauus 
above, which supplies a flow sufficient to cause the 
hydrulic action in the upcast. 

Q. 113. The water will come up through the glass 
tube? . , 

A. It will and carry with it the light gangue ma- 
terial you see now in the machine. 

Q. 114. And what will become of the granules? 

A. The granules will sink to the bottom and be 
caught in the bottom, which is this part of the up- 
cast. 

Q. 115. And these granules will be the same ma- 
terial out of which these {@iths have been formed? 

A. Absolutely. I have again agitated the mixture 
for one minute at the same speed as before, being about 
1450 revolutions per minute. 

QO. 116. When you say “as before’ you mean as 
when you formed the froth before? 

A. When I formed the froth before, at 1500 revolu- 
tions per minute, and the result was a froth of the 
very same character as obtained before. 

Q. 117. You might simply continue with the last 
step? : 

A. You notice alone the side of the froth tlic 
clear portion on the particles of the froth which are 
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evidently air bubbles, and it shows the clear portion 
where the froth sticks to the side of the glass. 

Q. 118. What do vou mean by the clear portions 

A. That is quite distinct, here is one and there 
is one. 

QO. 119. You mean the black spots? 

A. Yes, where there is no mineral present. Would 
you like a sample of that? 

MR. WILLIAMS: We might. We might get- 
some information out of it. Let-us have it. 

On 120, MR SeCl 1 Youtaan this "the same 
five minutes you did before? 

A. No, it takes longer. 

Q. 121. Why should it take longer? 

A. It takes longer to form the granules than it 
does to form the froth because in working with a 
Cattermole machine, the cone Gabbett, it carries in 
quite an extensive amount of air through the cone 
and naturally during the process of agitation there 
will be a considerable amount of air taken in. 

Q. 122. Referring to the fast agitation, or either 
or them? 

Pemetither one of them, for a short period) Gand 
it is in order to displace the air that is taken in 
after the first agitation that the slow rolling of the 
second period of agitation is necessary to be con- 
tinued for a considerable length of time. 

©e123. To get all the air out? 

A. To get all the air out. 
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QO. 124. MR. WILLIAMS: That is, that your 
present operation is one to get rid of the air? 

iN VOSS. 

©. 125. The machine introduces air at the same 
time ? 

A. Yes, it is very efficient for introducing air. 

QO. 126. MR. SCOTT: How does the amount 
of air introduced when it is going slowly compare 
with the amount introduced, when it is running rapid- 
ly, as you did when you were making the froth? 

A. Very much less when it is slowly revolving as 
compared to when it is rapidly revolving and the 
froth is formed. I have agitated for a second period 
of five minutes and the result has been that there is 
ao froth present. All the mineral has sunk to the 
bottom of the vessel. J will now proceed to separate 
ths sunken mineral by the upcast classifier arrange- 
ment. The heavy particles are sinking and the gan- 
gue particles are going up. This (indicating) show- 
ing of the. distinct mineral particles being heavier, 
and the slime gangue particles being the hghter here 
(indicating), are carried over by the up-current of 
water. 

Q. 127. Have you got a stirrer so you can stir 
wp those tailings so the court can see them? 

A. I can catch some in my hand. [ will allow 
them to settle a few minutes, and when the slimes have 
scttled so there is an appreciable amount at the bot- 
fom, they can be noticed. There are a few floating 
particles of mineral in the upper part of the upcast 
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at the time that | am draining it. You can now see 
the mineral and granules that have been separated in 
the upcast; they all occupy the lower portion of the 
upcast, or the bottle. 

©. 128. Does that look like a clean separation? 

A. Yes, a decidedly clean separation, especialiv 
so in the apparatus that ] used, being a small appara- 
EUS. 

Ori2z) "re you some te sample it: 

A. Yes, | would be very glad to sample it and 
give the other side an equal portion of the sample. | 
will allow the tailings from the overflow of the up- 
cast to settle, so you can notice its condition, being 
deprived of the mineral. 

Q. 130. I don’t think you described the other por- 
tion of the operation in the upcast. J] think you had 
better give a description of that, of the upcast and the 
bottle and the launder and just how you operated. 

A. The upcast consists of a vertical cylinder about 
two inches in diameter and about 30 inches high, to 
which at the lower end is attached a bottle, and 
through which hydraulic water is introduced, caus- 
ing an up-current through the vertical cylinder. 

Q. 131. That was clear water? 

A. Clear water which acted as an upcast, so that 
when the total material from the Gabbett machine was 
introduced into the top of the cylinder or upcast, the 
uprising current of water carried the lighter portions 
of the mixture, which was the gangue material, up to 
the topmost portion of the cylinder, where it over- 
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flowed into a receiver. The heavier portion, being the 
mineral, sunk in the presence of the uprising current 
of water, and was collected in the bottle at the lower 
end of the cylinder. 

Q. 132. And in what condition was the mineral 
coliected in the bottle at the lower end of the cylinder? 

A. The mineral that was collected in the bottle at 

the lower end of the cylinder was in a decidedly pure 
state, containing very little gangue material, or insol- 
uble. 
Q. 133. On Saturday you performed an experiment 
with 25% of oil, petroleum distillate, relative to ore, 
which was Utah Copper retreatment classifier overflow. 
I won’t ask you to perform another experiment of that 
kind, but have you done a similar demonstration with 
Butte and Superior ore? 

A. Ihave conducted a similar demonstration using 
Hie Butte @ Stpertor one, 

Q. 134. Can you give an approximate description 
of the details of that experiment? 

A. In that experiment that [ performed I used 
o0C crams of Butte & Superiore, 500 ce ol water 
at a temperature of about 30° Centigrade, one cc of 
concentrated sulphuric acid, 75 grams of kerosene, 
which is equivalent of 25% of oil relative to ore. This 
experiment was performed in the square glass jar ma- 
chine, and the agitation was continued for approxi- 
mately three minutes at a speed of about fourteen to 
sixteen hundred revolutions per minute. The result 
of that experiment was a very copious froth contain- 
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ing the zinc sulphide mineral, and showed a very good 
degree of concentration. 

QO. 135. Can you give descriptions of the demon- 
strations that will be illustrative of the present mill 
practice on the Butte & Superior ore; I don’t think I 
will ask you to do them, but I would like you to give the 
details of the operations, one in using less than 1% 
of oil and another more than 1%. 

Eee can. |] have performed several experiments 
of that nature and I can repeat the same if so de- 
sired. | 

MR. WILLIAMS: I think that if we are going 
_ to have any testimony as to experiments which illus- 
trate the operation of the Butte & Superior—While I 
don’t want to take up the time of the court unneces- 
sarily—still, it does seem to me that we ought to have 
the experiment rather than the secondary evidence of 
the description by the witness. 

MR. SCOTT: Well, I will have Mr. Dosenbach 
perform the experiment if you wish. My idea was to 
have him give the laboratory proportions and pro- 
cedure and leave it with you if you wanted to consume 
the time to see them. . 

MR. WILLIAMS: All right, we may do it that 
Way. 

MR. SCOTT: I might suggest at this time that 
we have thought it would be very informing if the 
court would visit the Butte & Superior mill simply for 
an ocular impression of the process on a large scale. 
lf the court is willing we would be very glad to ar- 
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range for that. I am not informed as to whether the 
court has actually seen the flotation operations on a 
large scale or not. 

THE COURT: No, I haven't. Well, I don’t know 
—of course I am hopeful that I will be sufficiently ed- 
ucated for a metallurgist before I get through; but 
whether I am yet ripe enough to judge by looking at 
the process | am not sure. Do you think it will assist 
me? 

MR. SCOTT: It always gives me more of a grasp 
of things of this kind if I can see them in actual op- 
eration. There are many things that we have to ex- 
plain that will be more clear by seeing it. Of course 
in the mill these froths do not accumulate in these 
masses that we see here, and then have to be taken off 
all at once, but there is a constant movement through 
the cells, and the froth is constantly overflowing a lip 
as it is being formed. 

MR. GARRISON: I would like to suggest to your 
honor, that if you do think well of inspecting of the 
procedtire at the Butte & Superior, that you, atvthe 
same time inspect the proceedings at the Timber Butte 
mill, which is using ore from the same vein, and is 
avowedly using our process, being a licensee of ours, 
and where the amount of oil is from one-half to three- 
quarters of a pound to the ton of ore. 

THE COURT: Well, some time during the pro- 
gress of the hearing we will try and do that. 

Q. 136. Now, could you give a description of what 
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you think is the best illustration of the procedure at the 
mill? 

A. A description of the process that would be ap- 
plied in a small apparatus as being descriptive of the 
operations at the Butte & Superior plant would be an 
experiment carried out in the Janney machine, which 
is this machine that [ refer to, the Janney Flotation 
Machine. This is the machine that is now being used 
at the Butte & Superior flotation plant, and in carrying 
out the experiment I would use about 30 pounds of oil 
to the ton, or 114% of oil mixture. 

@. 137. What are the ingredients of the mixture. 
I take it it is the same mixture used at the Butte & 
Superior ? 

A. Substantially so, yes. 70% of fuel oil, 18% of 
pine oil and 12% kerosene. The proportion of ore to 
oil that I would use would be 400 grams of ore and 
about 2000 c.c. of water. I would use sulphuric acid 
and copper sulphate, as both are being used, and the 
exact proportion of sulphuric acid to 400 grams of ore 
would be .9 of a cubic centimeter. I would also use 
1 c.c. of copper sulphate solution. 

MO. 138. What does the copper sulphate do? 

A. The copper sulphate assists materially in the 
recovery and grade of the concentrate produced. It 
assists the acid in its action. 

QO. 139. Is the use of copper sulphate to your knowl- 
edge recommended by any of the literature of the art? 

A. Yes, I have found in the Everson patent the 
use of copper sulphate is recommended as being one 
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of the salts that can be used in place of the sulphuric 
acid or together with the sulphuric acid. It is very dis- 
tinctly brought out, the use of the various salts in the 
Everson patent. With 400 grams of ore I will use 
6 grams of oil mixture, which is equal to 1%% rel- 
_ ative to the ore, or 30 pounds per ton of ore. This 
operation carried out in the Janney machine will show 
to a great extent, and as near as possible the laboratory 
method setting forth the actual practice. 

Q. 140. This Janney machine comes nearer illustrat- 
ing the mill operations than the jar, doesn’t it? 

A. Decidedly so, yes, because during the operation 
of the Janney machine the froth may be taken out as 
it is being agitated and brought up to the surface; 
consequently it is not necessary to stop agitation and 
let the froth rise to the surface and then be skimmed 
off; but it can be done as it 1s being agitated and flow- 
ing into the spitzkasten—the froth can be taken off. 
Now, it might be well to show a comparison of the two 
experiments, using the same proportions of oil to ore 
and reagents in the square glass jar, as against the 
Janney machine. 

Q. 141. Have you the motors so that you can do 
both at once? 

A. Yes, I think I can do both at once. 


Whereupon further was adjourned until 2 p. m. 
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MR. GARRISON: With the permission of the 
court, may I ask for the response of Mr. Kremer as to 
the result of his search? 

MR. KREMER: I beg your pardon, Mr. Garrison, 
[I entirely forgot to inquire. I will go and inquire im- 
mediately. 

MR. SCOTT: Mr. Dosenbach was about to perform 
two experiments, if your honor please, representative 
of the oil mixture in the quantities used in the Butte 
& Superior plant, and he has arranged to do both of 
these experiments at once to save time that would be 
consumed by doing one after the other. He will do 
one of the experiments in the Janney machine, and in 
doing it he will try to take off part of the concentrate 
first, representing what is taken off in the real ma- 
chine first, and then in a separate basin will take off 
the rest, which will represent the middling, or the 
material which is returned. In this glass jar machine 
he will use the same mixture and the same ore, to illus- 
trate the difference between those two ways of doing it. 


(Test in Janney machine, test No. 34. Test in 
glass jar machine, test No. 35.) 


THE WITNESS: I think I have stated what I will 
use; the percentage of the oil mixture in each instance 
will be 114% relative to the ore. I will start the square 
jar machine and let it continue while carrying on the 
operation in the Janney machine, and by the time the 
latter is finished the other will be finished. 
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(Both machines running.) 

THE WITNESS: What I am doing now, scrap- 
ing off the froth from the Janney machine, represents 
what the scrapers do. In the actual plant there are 
scrapers which carry off a little of the froth every 
time it comes around; otherwise it would pile up 
and come over the sides. I will stop it now and 
take this first concentrate, if anybody wishes to 
see it. : 

This second basin, its contents represent the mid- 
dling, or approximately so; although, in the lower 
stages of the actual machine we take the middling 
product after taking off the richer product that comes 
off first. This of course is a very much lower grade 
froth than is the actual case in the machine. In the 
mili the lower machines take off the middling, there 
being less mineral in the ore at that time. As a 
matter of fact in an operating plant we have the 
water level raised much higher than this; in the 
latter part of the machines it is higher than in the 
first part of the machines, which I show now. (Add- 
ing water.) Now, this is the water level about up 
to this point, and in the last cells the water level 
is much higher. This shows a froth coming off now 
in which there is very little mineral, which can be 
seen by the clear bubbles. There being very little 
mineral present, there will not be much mineral in 
Cie trotle 
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(Going to the glass jar machine.) 

Here is the froth that was made in the glass 
jar machine with the same percentage of oil; ihe 
only thing that we had reference to in this experi- 
ment was to show—was that there might be criticism 
about some of the oil going off during the first opera- 
tion in the Janney machine, and this experiment is 
to show the similarity between the froths. 

Q. 142. MR. SCOTT: What causes the bubbles 
to break down in the Janney machine so quickly? 

A. There is no more agitation. 

QO. 143. And what is left there? 

A. There is very little mineral left; most of the 
mineral has been taken off, consequently this is a 
very good tailing, which I. should be glad to have 
analyzed. The bubbles and possibly the froth before 
the machine was stopped showed that they were 
clear, and that very little mineral was contained in 
them; consequently when the agitation was stopped, 
the bubbles broke down. 

That will complete the experiment, with the ex- 
ception that I would like to take off the tailings at 
this point. We will number this station No. 1, the 
concentrate, and this will be the middling, No. 2, and 
I will also give one-half of these products to the plain- 
tiff. Now, we will take out the tailing from the 
Janney machine and see what it looks like. (Taking 
out material from Janney machine.) 

Now, I will put some of this fine slime into this 
other pan, since one pan will not hold it all, and 
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later we will combine the two of them and half will 
be given to the other side. Now, what is in this 
pan shows very distinctly the poorness of the tailings. 
ft is very light in color, and we ‘will assay that and 
see just what it contains. It shows that the tailings 
are comparatively free from mineral. Jf it contains 
very much mineral after this action, the mineral would 
be noticed very distinctly and it can be seen that it 
has the same consistency throughout and is very light 
in color, showing that the mineral is gone. 

QO. 144. Mr. Dosenbach, you better briefly des- 
cribe the complete operation performed. J am afraid 
it is a little fragmentary the way it is in the record 
now. 

A. The two operations that I have just completed 
are as follows: The one operation was carried out in 
the Janney machine and purports to set forth the op- 
eration as conducted at the Butte & Superior plant 
inasmuch as laboratory apparatus is concerned. The 
proportions of material used in the Janney machine 
experiment was 400 ems. of Butte & Superior ore 
containing approximately 15.9 per cent zinc; 1900 
ce Ol water was tsed at 2 temperature of 30: ee 
0.9 c.c. of concentrated sulphtde acid was used, which 
is equivalent to about 8 Ibs. of sulphuric acid per ton 
of ore. 1.0 c.c. of copper sulphate solution was used 
which is equivalent to about 0.1 pounds of copper 
per ton of ore, metallic copper. 6 gms. of oil mixture 
was used. This oil mixture consists of 70% fuel 
oil, 18% pine oil and 12% kerosene. The agitation 
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consisted of approximately thirty seconds of mixing 
the oil with the ore and other reagents, and one minute 
and a half approximately for the period during which 
the concentrate was taken off and two minutes and 
a half constitutes the period during which the middling 
was taken off. 

MR. WILLIAMS: Will you describe what you 
did in that period of the operation where you said 
there were 30,seconds of mixing. 

A. During the period of thirty seconds of mixing 
the ore, oil, acid and sulphate were mixed by the agita- 
tion of the impeller blades in the machine for a period 
of thirty seconds. | 

Q. 145. And you confined these materials to the 
agitating chamber, did you not, during that particular 
operation ? 

A. JI did, yes, the same as J would put them in 
the agitating mixer and add additional water later to 
fill up the spitzkasten. After discontinuing agitating 
the mixture and the middlings having been removed, 
{ removed the tailings and all products will be assayed 
to determine their value. In the square glass jar 
machine at the same time that I performed the experi- 
ment in the Janney machine I performed an experi- 
ment wherein I used 300 gms. of Butte & Superior 
ore containing approximately 15.9 per cent zinc; 1500 
c.c. of water at a temperature of 30° C.; 4.5 gms. of oil 
mixture consisting of 70% fuel oil, 18% pine oil and 
12% kerosene, this oil mixture being the same as 
I used in the Janney machine during the experiment 
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that I performed in it. I also used 0.81 c.c. of cop- 
per sulphate solution which is approximately 0.1 pounds 
metallic copper per ton. J used .67 c.c. of concentrated 
sulphuric acid, which is equivalent to approximately 
8 lbs. or 8.25 pounds of sulphuric acid per ton of 
ore. The agitation was continued for the same length 
of time as the total agitation in the Janney machine 
experiment. After discontinuing agitation in the 
square glass jar machine a highly mineralized froth 
formed on the surface, being composed of zinc sul- 
phide and innumerable air bubbles. It shows a very 
good froth and the tailings as they have settled now 
are comparatively clean but the structure of the froth 
itself on the surface shows very distinctly the number 
of air bubbles that are present (exhibits sample to 
the court). 

QO. 146. MR. WILLIAMS: JI have no note of 
the temperature that you used in the Janney machine 
experiment? 

es 0 7 C0 sin shot wex periments. 

O 147.0. MigesSCOll: What would happenmi 
you were to make a froth with say .2 per cent pine 
oil and then were to add enough to bring it up to 
one and one-half per cent and agitate again? 

A. Well, I haven’t done any experiment like that 


myself, J] couldn’t say—using pine oil? 

©. 148. Pine tar oil? 

A. I have with pine tar oil, yes, sir. 

O. 149. Now, what would happen with pine tar 
oil? 
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A. I have made an experiment like that and was 
curious to find out just what the condition—just what 
the addition of more pine tar oil would do after ob- 
taining a result with a small quantity, to see whether 
there was any great difference between the froth that 
was obtained with a small quantity, whether a froth 
would be obtained with a Alege quantity, over one per 
cent, and to note whether there was any difference 
between the two, and I made a very interesting ’experi- 
ment just that way in the cone Gabbett machine, the 
machine that I used this morning in court to demon- 
strate the Cattermole process. 

©. 150. Then I think I will ask you to do that 
one more experiment, and then we will be through, 
showing the formation of this froth with .2 per cent 
of pine tar oil and after getting that froth simply 
pour in enough more to bring it up to one and one- 
half per cent and aerate and agitate it again? 

A. I can perform that experiment very shortly. 
(Performing test No. 36.) 

MR. KREMER: Mr. Garrison, while the experi- 
ment is being performed we can perhaps save some 
time. I have all of the vouchers here that we have in 
our possession—that is that we have been able to lo- 
cate—I assume that they are all here because they 
cover a considerable period of time. Now, which of 
them do you desire to use. 

MR. GARRISON: May I see them. 

MR. KREMER: I will give them all to you and 
just put them in order and let me know. 
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MR. GARRISON: I may put these in at some 
future time. 

MR. KREMER: JI can’t urge you as to when you 
will put them in, but I wish you would look them 
over and use what you want to and return what you 
don’t want. 

MR. GARRISON: I will return them presently. 

MR. KREMER: Those that you don’t offer we 
will. 

MR. GARRISON: I intend to offer all of them. 

O. 151. MER SCOl I: Now, add cnovusheto a nme 
it up to one and one half per cent, that would be 
thirty pounds per ton? 

x ales 

MR. SCOTT: Your honor will notice on top of 
this froth, the appearance of it, that is with the small 
quantity of oil. 

Q. 152. MR. SCOTT: Now, suppose you go right 
ahead on that if it has stood long enough. 

Q. 153. What difference do you notice between 
the froth of that with the 114% approximately, and 
the oue with ©2901 ome per cent: 

A. The froth with 114% approximately is of twice 
‘the volume that it was with the 0.2 of 1%. The agita- 
tion 1s about the same, and it shows plainly that there 
has been more mineral recovered by the addition of 
the extra amount of pine tar oil over and above what 
was in it at first, the 0.2 of 19%. 

Q. 154. What do you say in regard to the produc- 
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tion of froth with the added amount of oi] as com- 
pared with the first case? 

A. It is very similar; in fact the air bubbles on the 
side can be noticed, and the structure of the froth. 
There are a number of instances and places where 
the air bubbles are resting against the glass and are 
free from mineral, having discharged themselves by 
contact with the lass ; that is noticeable all around. 
The froth with 62-of 1% was 1 inch in thickness, 
whereas this froth is about an inch and a half. These 
bubbles can be seen, and also the structure of the 
froth with this magnifying glass. 

Q. 155. State what machine this was in, for the 
necord. | 

A. I have stated that this machine that I per- 
formed the experiment in is a cone Gabbett, the same 
one that I performed the experiment in this morning 
of the froth and the granules separately. I wish to 
state that my intention was to increase the oil from 
two-tenths to one and a half, but in weighing it out 
I used more than the amount necessary to make one 
and a half, consequently the total amount of oil used 
in this experiment was 1.62%. I originally used 0.615 
grams of pine tar oil in the first part of my ex- 
periment, and produced a froth of from three-quarters 
to one inch in thickness upon agitation. This froth 
was highly mineralized, containing zinc sulphide. I 
then added, after three minutes’ agitation, which was 
the total length of time of agitation for the first part 
of the experiment, 4.25 grams of the same oil, and 
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continued agitation for three minutes. The total 
amount of oil was 4.865 grams, or 1.62% relative to 
the ore content. 

©. 156. BY MR. WILLIAMS: Have you given 
all the particulars of temperature and speed of agita- 
tion? 

A. I will do so. it might be advisable to take 
off enough of the concentrate froth so as to give both 
parties an opportunity for analyzing the same so as 
to determine as to the purity and the grade. 

MR. SCOTT: Let the record show that some 
of the froth was taken off and offered to plaintiff's 
counsel. 

Q. 157. MR. SCOTT: Have you finished? 

A. JI think so, but I don’t know whether I stated 
exactly what was used in regard to ore. J used 300 
erams of Butte & Superior ore, containing about 
14.8% zinc. J used 1250 c.c. of water at a tempera- 
ture of 35° C. The amount of sulphuric acid used 
was 0.5 c.c. The agitation in each instance was carried 
on for three minutes at about 1750 revolutions per 
minute. 

Q. 158. I believe you have prepared some state- 
ments of the operations of the Butte & Superior Com- 
pany with larger and smaller amounts of oil. Can 
you produce such a statement for the period from 
1913 to date? 

A. I have a statement showing the results. 

Q. 159. Can you supplement this statement by 
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information regarding individual days operations if 
called upon to do so? 

A. J can. 

Q. 160. Were the operations during this period 
under your supervision—or part of this period? 

A. From May, 1913, up to the present time, they 
were. 

©. 161. From May, 1913; that omits the first 
quarter ? . 

A. That omits the first quarter of 1913, which is 
included in this record. 

QO. 162. You have the records for that first quarter 
that you can refer to if counsel should want some 
information about the first quarter of 1913? 

A. Yes, we have the records the same as we have 
for the succeeding period. 

Mike SCOLL= 1 offer imeevidence the table entitied 
“Butte & Superior Mining Company, Flotation Op- 
erations.” 


Table admitted without objection, marked DE- 
heNDANI’S EXHIB Nestss. 


Q. 163. The first column entitled “float. plant 
feed, ore to float. plant’ just explain what these head- 
ings mean, will you, Mr. Dosenbach? 

A. The first column, “Float. plant feed” under 
which is added “float plant. Dry tons and per cent 
zinc.’ 

Q. 164. What is the difference between these two 
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expressions, “Float. plant feed’ and under it “ore to 
float. plant”? 

A. “Float. plant feed” means flotation plant feed: 
which also means ore to the flotation plant. 

Q. 165. Mean the same thing? 

A. They are synonymous, only it is to make less 
confusion. That is the actual ore that goes to the 
flotation plant. 

©. 166. That is the original material that goes 
to it? 

A. The original material. 

Q. 167. Now, the next is “flotation machine feed’’ 
and under it “ore to flotation plant plus circulating 
middling treated in flotation”? 

A. That is the original material plus the circulating 
middlings which is present in the flotation plant itself. 

©): 168. Now, in that column which is entitled 
“Percentage zinc’ under the—there seems to be no 
entries until the fourth line from the bottom. I pre- 
sume that material was not assayed for zinc during 
that period? 

A. Yes. For most of the time, and I can supply 
that for every day that we have it for, and for this 
period. But J haven’t had time to make it up for 
these periods. It was left out by mistake. 

QO. 169. But you can get it? 

A. I can get it because we have daily assays 
on each day and [ will supply it to fill out this sheet. 

Q. 170. Now the next column ‘flotation concentrate, 
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tonnage and per cent zinc’ seem to need no explanation. 
That is simply what is indicated there? 

mm. Yes, 

Omi 7s well as “per ceneezinc’ the same. You 
might explain again the difference between this ap- 
parent and estimated recovery. 

A. The apparent recovery and the estimated re- 
covery are both given in these tables. The apparent 
recovery is the recovery that is secured from the assays 
of the head, tailings and concentrate by the formula 
which takes into consideration the assay of each one 
of the products. That formula is the concentrate 
assay times the head minus the tailing assay divided 
by the head assays times the concentrate minus tailings 
assay. The estimated recovery as given in the sheet 
is the amount of metal recovered in the concentrate 
divided by the amount of metal in the heading. That 
takes into consideration the pounds of zinc in the con- 
centrate as compared to the pounds of zinc in the 
heading. 

Q. 172. The acid column is sulphuric acid of course? 

A. I think they need no explanation. It is merely 
the pounds of acid per ton and the pounds of oil per 
ton. That is the amount of oil added to the original 
ore. ; 

QO. 173. “Per cent oil in ore and circulating mid- 
dlings treated in flotation” that is an assay figure, I 
take it? 

A. Per cent oil in ore and circulating middling 
treated in flotation is determined by oil assays. 
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QO. 174. By direct assay of the oil content? 

An eves 

QM. 175. And that appears to be the same in the 
last four lines as well? 

A. Next column ‘Pounds oil per ton contained 
in ore and circulation middlings treated in flotation” 
is merely the calculation from the analysis which is 
given in the column preceding. The per cent oil in 
concentrate, the next column following is by oil analysis 
of the concentrate, the per cent of oil in the tailings 
by oil analysis. 

Q. 176. Can you just, for illustration, give us an 
example of how that figure “pounds per ton con- 
tained in ore and circulating middlings” how that is 
figured from the data in the preceding columns? For 
instance, take the entry February 4th to 28th, we have 
25.4 entered under the heading I just read “pounds 
of oil per ton contained in ore and circulating mid- 
dlings.” Can you tell us just how that is derived 
from the preceding figures there? 

A. That is derived from the preceding figures 
by multiplying the preceding figure by twenty, there 
being twenty pounds of oil, equal to one per cent, 
in a ton. Consequently if the per cent oil in ore and 
circulating middlings treated in flotation is equal to 
1.27 per cent, then it is merely a matter of calculation 
to determine how many pounds 1.27 is equal to. 

Q. 177. The only difference between these columns 
is one per cent and the other is pounds per ton? 
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im «Yes. | 

QM. 178. Well, have you any figures in this table 
—well now, take these two columns, one is percentage 
and the other one is pounds per ton. Where is the 
sample taken for assay which gives the oil here, 1.27 
per cent for instance? 

A. The sample is taken of the feed before it en- 
ters the machine. 

QO. 179. That is after the middlings and _ initial 
feed have come together? 

ie Yes, exactly co. 

©. 180. There is no calculation then about de- 
termining the total amount of oil per ton of total 
solids? It is simply a direct assay? 

A. That is all; there is no calculated amount. 

QM. 181. The calculation you refer to is merely 
multiplving the per cent by twenty to get the pounds 
per ton? 

ieee iiat is all: 

Q. 182. Have you ever checked up the amount 
of oil which was supplied to the feed with the amount 
discharged in concentrate and in the tailings? 

A. During the course of our operations at the plant 
T have frequently checked up those figures. 

©. 183. And how closely do they come, approxi- 
mately ? 

A. Well, I have found that they would come 
very close to the amount of oil actually added and 
equal very closely, the amount of oil contained in the 
concentrate plus the tailing. 


33802 Minerals Separation, Limited, et al., vs. 
Ben H. Dosenbach. 


Q. 184. Can you give us an example of a calcula- 
tion of that kind? 

A. Yes, I have made a calculation in the period 
from February 4th to 28th, which is the first period 
that contains the oil analysis on the concentrate and 
tailing. As will be seen by the report, there was dur- 
ing that period from February 4th to 28th inclusive, 
20.07 pounds of oil actually added to the ore as it 
came to the flotation plant. That is equal in round 
numbers to one per cent, the amount of oil actually 
added then for this period based upon the tonnage 
of 36,262 dry tons, was 725,240 pounds of oil used 
during that period. 

Q. 185. The tonnage was 36,262? 

Aa 986,202 deny ions: 

Q. 186. Multiply that by your 20.07? 

A. Yes. The amount of oil contained in the con- 
trate plus the tailings was equal to 722,760 pounds. 

Q. 187. Have you figured that percentage of error 
by deducting one from the other? 

A. That is very easily done. That error is ap- 
proximately three-tenths of one per cent. 

Q. 188. Have you figured other periods to see if 
they come within the same order of accuracy? 

A. Well, I figured the next period also. 

Q. 189. And how close did that one come? 

A. That came within practically one per cent. 

Q. 190. And how close did they come? 

A. They came within practically one per cent. 
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Q. 191. That is the period from March Ist to 
20th? 

Poe nel to 20) correct. I tieured the next period 
and that came within approximately ten per cent, show- 
ing a variation. And the next period. 

Q. 192. That is April 1 to 15, the next one? 

A. Yes. The next period showed about fourteen 
per cent approximately. Jf you wish, I can figure 
out the exact amount, but that is approximately given 
from the figures. And, for instance, I have the last 
period April 1 to 15, that being 578,290 pounds or as 
against 502,850 pounds contained in the tailings plus 
the concentrate. 

Q. 193. Was there any reason for that increase of 
error in these last two periods? 

A. There was no reason that I know of, no. 

©ei1o4 i do mot seemihe year 1917 on thisslete 
hand column here under the head “period.” We have 
1916, three quarters, that year, and then December 
22nd to January 7th. I suppose that is where 1917 
begins, that period extends over from 1916 over into 
1917? 


ey es. Silt, 
Owlos the years are nct separated thenye one 
they? 


A. No, the third quarter of 1916:is on there sep- 
arate from the year 1916 on account of having started 
a portion of the flotation plant during the month of 
December, 1916. 

MR. WILLIAMS: Mr. Scott, I suggest that on 
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the exhibit in evidence you add dash and _ sixteen 
after December 22nd, and a dash or inclined line and 
17 after January 7th. I have made that change. 

MR. SCOTT: That will read then December 22nd, 
1916 to January 7th, 1917. Will you consent? I 
will simply change it. | 

MR. WILLIAMS: JI have changed it. I have 
the exhibit. 

WIG) ME. SCOLTSs Taking tesiiee sem nes 
beginning with the one for the year 1913, that is 
the fifty horizontal line, up to the year 1914 and 1915, 
that is the entries for these three years, I find that 
the gain of the concentrate improves somewhat, 47.8 
for 1913, 53.03 for 1914 and 54.82 for 1915. Can 
you state the causes that led to this improvement? 

A. Well, the chief causes were the improvements in 
the plant and the operation and the mechanical changes 
that were made, changes in the flow sheet and also 
the change in mechanical conditions whereby our oper- 
ating conditions were made better. 

Q. 197. JI don’t suppose you remember in detail 
all of these changes? Do you remember any of 
then: 

A. Well, in May, 1913, as I think I stated before 
the plant was down for a period of six days during 
which time a complete remodeling of the flotation 
machines occurred. Then during the third quarter 
of 1913 more changes were made, and also in the 
fourth quatrer of 1913 more changes were made, and 
during the year 1914 at various intervals changes 
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were made in the flotation plant that entirely improved 
results—for instance, in 1913, speaking of the second 
_ quarter, we had four spitzkastens. Later on another 
spitzkasten on each rougher was added and continued 
that way until we had ten spitzkastens for each rougher. 
Then an additional cleaner was added—I may have a 
record of that right here, of the exact date. It was 
started rather late in 1913, a new cleaner was started 
in November, which provides for two cleanings instead 
of one previous to that time. Then in 1914 general 
mechanical changes throughout the flotation plant and 
the disposition of the feed and so forth between one 
cell and another was instituted and five additional 
spitzkastens on each one of the roughers and later on 
the change from five passes to seven passes, which 
means that the feed has seven different agitations 
throughout its course through the machine. Then in 
1914, the latter part of 1914 we started installing 
again another type of machine which was the Janney 
machine, and started the first unit in 1915, during 
the month of January, and the whole plant was in 
operation by May Ist, 1915. $0 that accounts par- 
ticularly for the improved vccubh in the grade of con- 
centrate as well as the recovery for the period from 
January, 1913, through and including December, 1915. 

QO. 198. I notice in the period March Ist to 20th, 
1917, the third line from the bottom, that the tailings 
ran 1.54 zinc, and the apparent recovery was 90.84, 
concentrates, 47.50. Will you point out on this table 
the earliest date when a result equal to that was ob- 
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tained—equal in efficiency, taking into account the 
grade of the concentrates and the recovery. 

A. Well, the pericd that J should say nearly ap- 
proximates it is the year 1915, when the recovery was 
90.18%. 

Q. 199. That was substantially the same order of 
recovery? 

A. Also the grade of concentrate was higher dur- 
ing the period of 1915 than during the period of March 
[st to 20th, 1917. ; 

Q. 200. How about the loss in the tailings? 

A. The loss in the tailings was of the same character 
during the period of 1915 as compared with the period 
af March Ist to 20th, 1917; I think that is the period 
which more closely corresponds. 

QO. 201. Now we have here recorded 1913, 1914 
and 1915. So that would be the third year of opera- 
tions recorded on this sheet? 

A. Yes, sir. 

©. 202. When the results you say were comparable 
with those obtained from March lst to 20th. Now, 
from March Ist to 20th you were using how much 
ail? 

A. The actual oil added to the ore fine through 
the flotation plant was 21.3 pounds per ton. 

Q. 203. During the year 1915 it was 1.49, was 
(t not? 

A. 1.49 per ton. 

QO. 204. Now I see on this sheet it is recorded 
the amount of oil added per ton of ore. Do those 
figures represent the total amount of oil present? 
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A. No, the total amount of oil present is much 
larger than that designated under the column “Per 
ton Ore to Flotation, Pounds.” As shown by the 
figures in the column preceding it, “Pounds Oil Per 
Ton Contained in Ore and Circulating Middlings 
treated in flotation.” 

Q. 205. As I understand what you have stated, 
under the heading ‘Oil Pounds,” those figures are 
the actual weight of oil added? 

A. Absolutely. 

QO. 206. Determined by actually weighing and by 
actually sampling and estimating the tonnage of ore 
going through the plant? 

A. Yes. 

Q. 207. And that figure giving the percentage of 
oil in the ore in the circulating middlings is the result 
of an assay of the amount of oi] in the material go- 
ing through these flotation machines? 

A. Exactly so. 

©. 208. So there is no calculation about any of 
these figures; they are all determined by weight and 
measure? 

ove Ves, 

QO. 209. And then, according to these figures, will 
you just make a comparison between the amount of 
oil added for each of these periods and the amount 
found to be present by assay, using the figures per ton 
as they seem to compare? 

A. During the period from February 4th to 28th in- 
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clusive, there was 20.07 pounds of oil added to the 
feed to the flotation plant, and 25.4 lbs. of oil present 
in the feed to the flotation machine. 

Q. 210. And it was during that period that you 
just said the figures checked up within about 1%? 

pee they checked up less than 1%.) Inj thes next 
period, from March Ist to 20th inclusive, there was 
added to the ore going to the flotation plant 21.3 Ibs. 
of oil per ton, while there was in the flotation feed— 

Q. 211. Including the middlings? 

A. —to the machines, which includes the mid- 
dlings, 30 Ibs. of oil per ton. 

Q. 212. During that period how close did you say 
the assays checked with the oil added? 

A gabout 317: 

Q. 213. Have you any explanation of the fact that 
during that first period, February 4th to 28th, the 
oil added was 20.07 ibs., and the oil present by assay 
25.4, showing an increase of about 5 lbs. of oil, or 
a little over, while during this next period, March 
Ist to 20th, the difference between the oil added and 
the oil present as assayed is the difference between 
21.3 and 30, or about 8.7 Ibs.? 

A. Well, my opinion now would be that it was 
due entirely to the operations. There was _ possibly 
more oil contained in the feed at different times that 
was sent back for circulation, and the mechanical con- 
ditions that existed, as J remember it, during that 
time, were somewhat erratic, and we were remodeling 
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the plant also at that time, and there was not a great 
length of time wherein the actual operating condi- 
tions were the best, and where the feed that was re- 
‘turned, or the middling that was returned was always 
uniform, but it averaged up pretty well. Some days 
we would make it higher than others. That may 
account for it. 

Q. 214. Do you vary the number of cells in a series 
that return the concentrate as middlings, or do you 
run pretty steadily? 

A. At times we vary that, depending on the material 
we are treating, and in order to relieve our elevators, 
should anything go wrong with them. 

Q. 215. The machines are fixed so you can switch 
them from middlings to rougher concentrates? 

Pemeoes, they ate. 

Q. 216. What is your information as to the relation 
of tonnage returned as middlings and tonnage originally 
sent to the flotation machine; is as much material re- 
turned as middlings in circulation as is fed to the ma- 
chine? That could hardly be, could it? 

A. Yes; and at times there is more middlings than 
there is actually fed to the flotation plant. 

Q. 217. More circulating load than the original 
supply ? 

A. Yes, but in circulating the middlings in our 
plant it joins the original feed and is elevated by a 
36 inch elevator, and then distributed to the machines, 
consequently we have no distinct circuit of middlings 
and original ore remaining. | 
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©. Zicweiethink there you have daily records a1- 
ranged by months for several months. The January 
record begins on the 9th; how is it that it does not 
begin on the first? 

A. The reason for that is that on that day we com- 
menced operations using more than 1%, or 20 Ibs. of 
oil per ton of material. 

Q. 219. And you began your daily compilation from 
the time the large amount of oil was used in the whole 
plant? 

DO Yes, sir. 

Mik. SCOTT Si citer im evidence tabulationmen 
daily results for the month of January, 1917. 


Admitted in evidence without objection, marked 
DEPENDANT SPX New is? 


Q. 220. Now, in this tabulation I find the heading 
“Flotation Machine to Date: Ore Flotation Plant Plus 
Circulating Middlings Treated in Flotation.” The 
samples for those assays J suppose is taken between 
the sluge tank and the head of the machine, is it? 

pe Thatesample is taken just’ berore the siecdm is 
distributed to the various machines; it contains the 
original ore and the circulating middlings. 

Q. 221. Now, take the column headed “Percent of 
Oil in Ore, Circulating Middlings Treated in Flota- 
tion; that is determined by a correct assay of the 
material J presume? 

Ae lias: 
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On 22Z. ihe same as in the case of the other 
tabulations ? 

iis. Yes. 

Q. 223. The next is simply computed from the per- 
centage? 

PY cs. 

Q. 224. You have a column here also, “Oil Used,” 
with a series of numbers. Have you a key for those 
numbers which explains what the oil mixture is? 

A. Yes, I run all my oil mixtures by numbers. 

Q. 225. Does the key run through for the days on 
which the statement for January is made? 

Ee Yes. 

Q. 226. It runs all through? 

A. All through. 

MR. SCOTT: I offer paper headed “Butte & 
Superior Mining Company,” with the notation below, 
Soratement of Percentage of Oils etc.” 


Admitted in evidence without objection marked 
DEFENDANT’S EXHIBIT No. 160. 


Q. 227. You may explain the terms noted at the 
heads of the columns of oils there. What kerosene 
isetiate 


A. Commercial kerosene. 

(e226. And the Jones crude: 

A. That is Jones crude from Kansas; it is com- 
mercially called Jones crude. 

©. 229. The No. 1 creosote? 

A. That is a hardwood creosote. 
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OO) Z50ee Mies No. 2 crecscte? 

A. That is also a hardwood creosote. 

Q. 231. Fuel, I suppose that means fuel oil? 

A. Fuel oil from a petroleum base. 

Om Z52-) Pine oi! next, No 4 Barrett?) VWViinaueis 
that? . 

eee tat is a coal tar distillate. 

QO. 233. What kind of tar? 

mm Coal tar. 

Q. 234. Paraffine base; what does that mean? 

A. Crude paraffine base oil. 

Q. 235. Now, I believe you have similar statements 
for February and March, giving the particulars for 
each day? 

A. TI have. 

QO. 236. And the testimony you have just given 
regarding the explanation of these headings, and re- 
earding your supervision of operations applies to these 
operations recorded in February and March? 

A. Substantially so, yes. 

MR. SCOTT: I offer these statements in evidence 
for the months of February and March, 1917. 


Admitted without objection, statement for Febru- 
ary marked DEFENDANT’S EXHIBIT No. 161, 
statement for March marked DEFENDANT'S 
EXHIBIT No. 162. 


Q. 237. I notice Mr. Dosenbach, that in January the 
average amount of oil added per day was 14.75, appear- 
ing at the bottom of the column in the average line. 
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A. Yes, it is. 

QO. 238. And that in February the amount of oil 
added per ton averaged 19.33? 

i Correct. 

Q. 239. Then considerable more was added in Feb- 
ruary than in January? 

Zee iat 1s So. 

Q. 240. Now, looking at the column “Pounds Oil Per 
Ton Contained in Ore and Circulating Middiine Treat- 


4 


ed in Flotation,” which I understand is determined . 
assay, for February it averaged 23.6 and for Januar. 
averaged 33.4. Why did the oil present exceed the 
amount added so much more in January than in Feb- 
ruary? 

A. Well, as | stated before, that may be accounted 
for in the operation of the machines themselves, and 
also in the character of the oil that was used. Now, 
as will be noticed in the last column here, under oil used, 
and the number, you will note that various mixtures 
were used, and almost every day they were changed, 
consequently the difference in the character of the oils 
themselves may account for some of that variation be- 
tween the two months. 

Q. 241. Now, I believe you have operated a part of 
the flotation apparatus separate from the remainder for 
some periods of time. Have you a statement setting 
forth the operations of that segregated unit? 

A. Yes, sir. 


(Recess. ) 
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Q. 242. You stated that you had a sheet recording 
the operations of this independent unit, didn’t you? 

aA. lane: 

Q. 243. And I find attached to my copy a paper 
headed “Butte & Superior Mining Company” with the . 
statement: ‘Below is a statement showing the percent 
age of oils in the various mixtures, used on the three 
pyramid machines, while running them on experimental 
tests,” and I presume that bears the same relation to 
these separate machines that the other oil sheet did to 
the regular operations of the mill? 

A. It does bear the same relation. 

Q. 244. These experiments were conducted, were 
they, or these special operations by you or under your 
supervision? 

Ao bey were: 

MR. SCOTT: I offer in evidence the tabulated state- 
ment headed “Butte & Superior Mining Company, flo- 
tation pyramid machines.” 


Tabulation admitted in evidence and marked 
DEFENDANT?’S EXHIBIT 163. 


MR. SCOTT: And I wish now to offer in evidence 
what I will call the oil sheet, headed “Butte & Superior 
Mining Company,’ “Below is a statement showing the 
percentages of oils in the various mixtures, used on the 
three pyramid machines, while running them on expert- 


mental tests.” 
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Document admitted in evidence and marked DE- 
FENDANT’S EXHIBIT 164. 


QO. 245. What was the purpose of separately operat- 
ing this section of the plant? 

A. The main purpose and chief purpose was the fact 
that we didn’t have sufficient oi] to operate the entire 
plant. 

Q. 246. With the quantities and kinds of oil you 
wanted to use? 

A. Yes, over one per cent or twenty pounds. 

Q. 247. And what was the difficulty in getting a suf- 
ficient supply of these different oils? 

A. Well, we had considerable difficulty in getting 
them on account of railroad facilities, it was impossible 
taeect it here any sooner than on the 9th of January. 

Q. 248. Was there any difficulty aside from the 
transportation difficulty? 

A. Yes, one of the inain difficulties was getting the 
oil. 

Q. 249. Getting the oil? 

A. Yes, being able to get it. 

Q. 250. You mean there was not a supply available 
to be purchased ? 

i. yes. P 

Q. 251. You might describe briefly what this separ- 
ate section of the plant consists of, and in a general way 
how it was operated? 

A. Well, this sheet or report sets forth the opera- 
tions of an independent pyramid machine. There is a 
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column where this machine number is shown and under 
it is the number of the machine that was in operation. 

O. 252. Now, when you say “pyramid machine” just 
what do you mean to designate by the word “pyramid”? 

A. Well, the word pyramid is taken from the ma- 
chine itself, it being a pyramid shape. 

O. 253. Simply similar to several of these machines 
of this Janney type, and each one higher than the pre- 
ceding one, so that you have a gravity flow from one 
to another? 

A. Exactly so, yes. 

Q. 254. That is all that is meant by the word “pyra- 
mid?” 

Ae Yes. 

Q. 255. And that is the regular arrangement of the 
entire plant, isn’t it, that gravity or pyramid arrange- 
ment? 

A. That is. 

Q. 256. Now, under the column “machine number” 
on that first day, appears the figure “2.” That is the 
number of the single machine or cell or the number of 
the whole set of these machines that are arranged one 
above the other? 

A. That is pyramid No. 2 which consists of seven of 
bine cells: 

QO. 257. And each of these so-called pyramid ma- 
chines consist of seven cells? 

A. Exactly so. 

Q. 2&8. And then each of these numbers in the col- 
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lumn ‘‘machine No.” indicates some particular group of 
seven machines that is being used for this test liere re- 
corded? 

A. Yes, sir, it does. 

Q. 259. So that all the tests were conducted on a 
machine consisting of seven Janney cells? 

Eee liley were. 

_ Q. 260. And they were these cells of the double 
spitzkasten type, weren’t they? 

A. They were. 

Q. 261. Now, is there anything in these column 
headings that is different from the phraseology that 
you explained in conection with the other report? 

A. Well, the first column, ‘machine feed,” with the 
“ore to machines,” that consists of a portion of the slime 
and a portion of the tube mill discharge. 

©. 262. Where do these slimes come from? 

A. The slimes were regularly produced at the plant. 

©. 263. From the gravity concentration ? 

A. Gravity concentration end of the mill, and the 
tube mill product is the finely ground materia] that is 
produced in the mill itself or the concentrating end of 
the mill and is ground to sufficient size to go to flota- 
tion. It is sand tailing from the concentration end of 
the mill. 

Q. 264. Now, in this column “machine feed” “ore to 


a9 66 


machines,” “per cent zinc recovery,” that percentage of 
zinc was obtained by assay, was it not, of the material 


fed, in this report? 


3378 Afinerals Separation, Limited, et al., vs. 
Ben H. Dosenbach. 


A. Yes, in this report, it was. 

Q. 265. And so of course is true of the percentage 
of zinc in concentrate and headings, is it not? 

A. Itis. The apparent recovery is given but not the 
estimated recovery on account of not being able to ob- 
tain any definite weights or measurements of the con- 
centrate produced. 

Q. 266. That was because the concentrates were 
mixed up with the concentrates from the rest of the 
null? 

A. Yes, the concentrate produced in these machines 
was mixed with the regular concentrate. 

Q. 267. And this “estimated recovery” is taken from 
actual weight? 

eve Ue IS 

©. 268. Now under the general heading, “oil amount 
and analysis” we have a column “% oil in ore and cir- 
culating middling treated in machines.” I presume that 
is obtained by assay from samples? 

A. That is obtained by assay from samples taken. 

QO. 269. After the— 

A. (Interrupting.) Middling has been added to the 
original feed. 

©. 270. Yés, aiter they both come together? 

Nn VieGe 

Q. 271. The next column simply converts the per- 
centage into pounds? 

A. It does. 

OQ, 272. “Per cent oil in concentrate. ands perce 
oil in tailings” is found by what? 
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A. By analysis. 

Q. 273. The last column refers to the oil, kind? 

A. Kind of oil used. 

Q. 274. Now, is there a column here that tells how 
long these different operations lasted, or were they all 
for the same period? 

A. They were for 24-hour periods on the days desig- 
nated, and some days may have not been entirely 24 
hours for the particular pyramid machine named if it 
was necessary at times to shut it down for repairs for 
an hour or two, possibly; but these are the actual re- 
sults from these particular machines on these particular 
days and no other feed was put into that machine while 
it was not in operation on the material designated in 
this report. 

Q. 275. The tonnages there give a pretty fair idea 
of the time that each operation was conducted, I sup- 
pose, dont’ they? 

me «YES. 

Q. 276. I see some of these tonnages run up as high 
as 240. That is probably a 24-hour run, would you say? 

A. Yes, that was a 24-hour run, I should say, judg- 
ing from the tonnage. . 

Q. 277. Now, what was the largest percentage of oil 
used in any of these operations—we will take on the 
basis of pounds of oil added, say, rather than on the 
basis of the analysis? 

A. I find in this report that on the first day of Janu- 
ary, 1917, there was 63.03 pounds of oil added. 
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QO. 278. Yes. Now, running over the column 
“pounds oil per ton in ore and circulating middling 
treated in machine” J find 55.8 pounds of oil per ton. 
That figure is somewhat lower than the amount of oil 
per ton of original feed added. What would that indi- 

cfe in regard to the amount of oil on the middling? 

A. That would indicate that there was less oil in the 
iniddling -being returned. 

e279. Less thani6s-03mpounds: 

A. Yes, and that the returned middlings contained a 
lower percentage of oil than say on—other days. There 
are a number—there are a few days like that in the 
other reports, in the monthly report by days, that show 
that same thing. 

Q. 280. What were your recoveries and grade of 
concentrate and loss of zinc in tailings on that’ day, 
January 1, 1917, when you used 63.3 pounds of oil per 
ton? 

A. The recovery was 91.72 per cent, and the grade 
of concentrate produced was 42.7 per cent. 

Q. 281. And the tailings? 

A. The tailings contained 1.51 per cent zinc. 

QO. 282. Now, were the concentrates from that tail- 
ing marketed ? 

A. They were. 

©. 283. What would you say as to the recovery of 
zinc—as to the loss of zinc in the tailings and the re- 
covery, as to their efficiency? That is 1.51, is that a 


good or a bad operation? 
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A. That is a good operation showing a recovery of 
over 91 per cent. 

Q. 284. Now, do any of these other assays bring out 
any matters of interest that you wish to comment on? 

A. Well, I should say, selecting one above that, on 
the first day of January, 1917, on a different pyramid 
machine, #2 pyramid, the tailings assayed .5 per cent 
zinc, one-half of one per cent, making a recovery of 
97.18 per cent zinc, showing a concentraté of 44.6 per 
cent zinc. I may add also here that the pyramid ma- 
chines in operation as reported on this report consist of 
six cells and not seven, as the first cell was used as a 
cleaner. 

Q. 285. What effect would that have on the opera- 
tion? 

A. Well, that would give six different agitations in- 
stead of seven, also six spitzkastens from which the 
froth was taken off, or twelve instead of fourteen, 
counting the double spitzkasten, or seven, counting the 
single spitzkasten, and also shows that there was only 
one cleaning operation of the concentrate that was pro- 
duced by the rougher cell or the rougher pyramid con- 
sisting of six cells. 

Q. 286. Did the concentrate from these specially 
operated pyramid machines have any further treatment? 

A. They did not; they had no further treatment than 
the cells themselves, as far as these assays were con- 
cerned. 

Q. 287. As far as the assays were concerned? 
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fo Vee 

Q. 288. That is these operating assays that are here 
are from samples taken just when the concentrate left 
the pyramid machine? 

i. Ys. 

Q. 289. Now, what became of these tailings after 
they left the pyramid machine? 

A. They went through the air cells down below, but 
they were mixed up with the tailings that were pro- 
duced in other portions of the plant so consequently no 
assay could be determined after they left the air ma- 
chine. 

©. 290. You didn’t have any special air machine 
coupled up to this machine? 

eee: 

©. 291. About these other reports of general opera- 
tions that you have testified about, are the tailing as- 
says there made from tailings after they have gone 
through these air machines? 

ae allney were. 

Q. 292. But in the case of these operations recorded 
on these special pyramids, the assay of tailings merely 
represents the tailings made by that pyramid? 

Pee lexrctlyaso, ves. 

O. 292%. Mik. SCOTT: J think that will be-all 
unless you find something here that requires explana- 
tion, Mr. Dosenbach ? 

A. There is one thing I would like to explain about. 
{in the January report by days for 1917, and that is on 
the 31st the apparent recovery was 87.12. 
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QO. 293. What day was that? 

A. On the 31st of January. 

MR. WILLIAMS: Exhibit 159? 

Ex. Yes. 

MR. SCOTT: The apparent recovery you said was 
e712? - | 

A. And the estimated recovery was 130.70. I think 
it would be well to enlighten you on that particular date. 
Now, that is due to being the last day of the month and 
for our general reports and our general method in use, 
on the last day we take a general summary of what our 
products has been for the month as compared to each 
day’s measurements, and consequently it shows an un- 
der estimating for 20—or the number of days previous 
to the 31st. Now, in addition to that, on account of not 
having sufficient railroad cars to transport our concen- 
trates it was necessary to stack quite a lot of our con- 
centrate on our grounds or bins provided for that pur- 
pose, after they had gone through the filter plant, and 
so some of this material was not taken into considera- 
tion in each day’s calculation, or each day’s measure- 
ment. Consequently, it was necessary for a general 
cleanup of the month to take into actual account all of 
the products for that month, and we had to take it into 
consideration on the last day. So that makes the dif- 
ference between the estimated—or accounts for the dif- 
ference between the estimated and apparent for the 31st 
of January. | 

Q. 294. That is this estimated recovery is figured 
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trom the absolute weights of the concentrates, and their 
assay? 

A. From the estimated weight and assay, yes. 

Q. 295. But some days that estimate was not based 
upon all the concentates produced, and they accumulat- 
ed during the month? 

Pe eS: : 

QO. 296. So that the 3lst day of the month got credit 
for some of the concentrates that had been produced 
previously ? | 

Ae, SEES? 

Q. 297. And to be absolutely accurate now I under- 
stand that some of this exeess over one hundred per 
cent there or some of this excess should be distributed 
through all of these days, but that it is impossible to 
do it? | 

EX Une is hee cared ls 

QO. 298. So that some of these estimated recoveries 
here are under statements, up to the 30th of the month? 

A. Yes, it is more of a direct comparison, one day 
with another by the apparent recovery, but over a period 
of a number of days the estimated recovery should ap- 
proximately check very closely with the apparent re- 
covery. 

Q. 299. The average for a considerable period would 
come close together ? 

eke ECS, 

Q. 300. But on account of this accumulation of ma- 
terial why you couldn’t figure out a comparison be- 
tween individual days? 
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Ee YES. 

MR. SCOTT: I think you may cross-examine. 

MR. WILLIAMS: Before commencing cross-exam- 
ination I would like to say that we have been presented 
with tables of a number of experimental operations and 
have not had time to give them study and I would like 
to reserve the right to object to these experimental op- 
erations until we have had a chance to study them, be- 
ing inclined to let them in if on further study we think 
they may be material. 

QO. 301. MR. SCOTT: Mr. Dosenbach, these oper- 
ations in this special pyramid machine, they were real, 
mill sized operations, weren’t they? E 

A. Absolutely so. 

Q. 302. They all entered into the product of the mill, 
which was marketed? 

ewe) YS, Sit. 

QO. 303. The only difference being that this part was 
separated for special operations? 

A. As an indepndent and isolated circuit from the 
rest of the plant, but treating the same material as the 
rest of the plant did treat. 

QO. 304. The concentrates were sold the same as all 
the rest of the mill? 

pie Yes. 

Q. 305. But it enabled you to keep track of the re- 
sults without getting them all mixed up with the regular 
mill results ? 

A. Exactly so, yes. 
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X-Q. 306. Referring particularly to this table, ex- 
hibit 163. Now, “concentrates, percentage zinc,” that 
was determined upon the concentrates after they had 
been delivered by the cleaner machine? 

A. By the one cleaner machine which was on the 
pyramid that it represents. 

X-Q. 307. You say the first machine was the cleaner 
machine ? 

A. Yes, sir. 

X-Q. 308. By that do you mean the upper machine 
of the pyramid? 

A. The first cell of that particular pyramid was the 
cleaner machine. 

X-Q. 309. And that was the highest machine of the 
three? 

A. Yes, sir. 

X-Q. 310. So that the rougher concentrates from 
the other six machines were carried by an elevator, were 
they not? 

A. No, by a pump. 

X-Q. 311. By a pump? 

A. Pump, centrifugal pump. It was necessary to 
pump it back up to tls first cell. The original feed 
caine into the second cell while the rougher concentrates 
were made on the first two cells and the middling on 
the next four; or 1t was so arranged that the next three 
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could make a rougher concentrate or middling, either 
one and that rougher concentrate was pumped back 
eeain to this first cell. 

PieeoacOUl: At this pot, if |] may interrupt, 1! 
would like to offer that in Gyasnce so that it can have 
a number, and the record wil show what you are refer- 


ring to. 


Diagram admitted in evidence afd marked DE- 
FENDANT’S EXHIBIT 165. 


X-Q. 312. MR. WILLIAMS: That is the flow 
sheet that was produced and described on Saturday last? 
Is that right, Mr. Scott? 

Pike sCOll:) ves 

THE WITNESS: Yes, that is the How sheet that J} 
produced and described on Saturday. However, I will 
produce another flow sheet to show exactly as the ma- 
terials are going today. That doesn’t show everything 
complete, but for this reference we can use. 

X-Q. 313. Now, I want to understand exactly the 
opeartions during these runs that are tabulated in Ex- 
hibit 163, and as I understand now on machines 2 and 
3, you produce a finished concentrate? | 

A. Now, let me correct you on that. This is ‘ma- 
chine No. 1, and at that time this was machine No. 2, | 
and at that time this was machine No. 8. 

X-Q. 314. As you have marked them in pencil? 

A. Yes. Now the machines are numbered 1, 2, 3, 4, © 
5,6, 7, 8 as I indicate, consequently the machine which 
is now marked No. 5 was at that time marked No. 2. 


3388 Minerals Separation, Limited, et al., vs. 
Ben H. Dosenbach. 


X-O. 315. Now, cell No. 2 and cell No. 3 of that 
complete pyramid machine produced a finished concen- 
trate? | 

A. They produced a rougher concentrate. 

X-Q. 316. And cells No. 4, 5, 6 and 7, what do they 
produce? 

A. They produce a middling product. 

X-Q. 317. What became of the middling product? 

A. The middling product was pumped back to cell 
No. 2. 

X-Q. 318. And the rougher concentrate was pumped 
where ? 

ee Orca Nowe 

X-Q. 319. And from cell No. 1, then was delivered 
only finished concentrate? 

A. Exactly so. The cleaner concentrates from cell 
No. 1 ran by gravity into cell No. 2. That is why we 
used cell No. 2, because we did not have to pump these 
cleaner tailings, because it ran by gravity into cell No. 
2. That is the first cell handling original feed plus the 
middlings. The final tailings are made only by cell 
No. 7. 

X-Q. 320. I think now we have it all. The only 
final tailings are made by cell No. 7? 

[EGS 

X-O. 321. And the only final concentrates are made 
by cell No. 1? | 

A. Exactly so. 

X-Q. 322. Your final concentrates from cell No. 1 
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are assayed, and your assays are based on that concen- 
trate as delivered? 

Eee i sactly so. 

X-Q. 323. And the tailings also are from those tail- 
ings as delivered from machine No. 7? 

Pe From cell No. 7, yes sir. 

X-Q. 324. And that apties to every one of these oper- 
ations described in exhibit 163, is that correct?. 

Prem bleat is Correct, 

X-Q. 325. When did you commence work at the flo- 
tation plant of the Butte & Superior Mining Company? 

A. About the first of May or thereabouts; it was in 
May, 1913. 

X-Q. 326. What kind of fiotation machines were in 
ues then? 

A. The ordinary agitation and spitz box type, built 
entirely of wood. | 

X-Q. 327. Were they substantially the same as the 
standard mineral separation plants? 

A. What is the standard mineral separation plants ” 

X-QO. 328. "We have in evidence on pages 1030 and 
1031 of the record in the Hyde suit, a drawing entitled 
“Complainant’s Exhibit, King John’s Court, Standard 
Plant.” .There is also on page 27 a cross section of that 
plant. Please look at those drawings and say whether 
or not they fairly in general represent the type of ma- 
chine that was in use when you went to work for the 
Butte & Superior. ; 

MR. KREMER: De you refer to the record in this 
court or in the Circuit Court of Appeals? 
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MR. WILLIAMS: To the record in this court, 
which is already in evidence. 

A. No, I see quite a little difference to this which is 
represented here by the King John’s Court Standard 
plant, and what was in use at that time at the Butte & 
Superior plant. 

P=O7 329, Are there any resemblances” 

Pee Yes, there 1s a resemblance, as there aneus pice 
boxes and agitating cells in this drawing, and there 
were also spitz boxes and agitating cells in the plant of: 
the Butte & Superior at that time. 

X-Q. 330. And in addition 46 the agitating cells was 
there a rotating agitator having blades located near the 
bottom of the cell? 

A. There was. 

X-Q. 331. And the pulp that was agitated in the agi- 
tating cell flowed into the spitzkasten ? 

A. It did. 

X-Q. 332. And the froth from the spitzkasten over- 
flowed, QyAuL 

X-Q. 333. And the tailings went where? 

A. The tailings were elevated to the next agitating 
cil 

X-Q. 334. Where—Were these machines known by 
any name? 

A. I knew of them by no name at that time. 

X-Q. 335. You did not know them as the Hyde ma- 
chines? 

A. Absolutely not. J didn’t know Hyde at that time. 

X-Q. 336. Have you any drawing that you can pro- 
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duce showing these machines as ‘they were then in- 
stalled ? 

A. [can make one for you. 

X-O. 337. Will you do that later on and let me 
have it? 

Pee iatient. 

Pe 508. | note that for the first quarter of 1913 
the apparent recovery of zinc was 65.34 and that for the 
second quarter of 1913 that same item was 85.71. That 
appears on exhibit 158. 

ie | \ OUAte COmneer: 

X-Q. 339. Can you explain why that great differ- 
ence existed betwen the recoveries? 

A. On April 25th the flotation plant was shut down 
for remodeling and changing over into a new. system, 
which resulted in very much better recoveries after it 
was started up again—about a week or so later. You 
might say still that it might be due to the more oil being 
added; there was twice as much added during the sec- 
ond quarter as during the first quarter but I think it is 
due to the mechanical changes that were made which 
resulted in better operating conditions throughout in 
general. 

MR. WILLIAMS: I will ask of counsel of the de- 
fendant whether they will produce a witness who is 
familiar with the operations during that first quarter, 
in view of the fact that they seem to have been most dis- 
astrous operations, and this witness can not tell any- 
thing about them except from the record. 
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MR. SCOTT: We will furnish a witness, or iwo 
or three or them, 

A. J was not present during that time. 

X-Q. 340. Well, I won’t ask you about it. Now, 
covering the period of your experience, when was the 
next shut down for alterations? 

A. Well, the shut downs came pretty frequent about 
then. 

X-Q. 341. Just run over them. Have you a record 
of them? 

AD lave ay partial record or then land) ( indethar 
during May of 1913 we did quite a lot of experiment- 
ing. 

X-Q. 342. What did you do in May; how many 
times did you shut down? 

A. Well, I haven’t that all here; I cannot tell you 
that; but the conditions, the mechanical conditions were 
such that it was necessary to shut down quite often to 
fix up the plant. We changed in 1914 from the method 
of handling the material from one spitz to the agitating 
cell, and put in pumps instead of air lifts, and in the 
second quarter we changed and added more additional 
spitzkastens, which assisted in recovering, and later 
changed to pumps on No. 2 roughers, having changed 
on No. 1 before. Then during the third quarter and 
last quarter of 1914 the arrangement of the flow 
through the cells was changed, so that, instead of mak- 
ing five passes, as you might call them, or having five 
cells, we had seven. So then, in the last of 1914 we 
started to excavate for the new Janney machines, and 
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during the first quarter of 1915 these Janney machines 
were being installed, one by one. 

X-Q. 343. And that was the first installation of Jan- 
ney machines at your plant? 

A. Yes; and during the second and third quarter the 
Janney machines were completed, and the oid machines 
were torn out. 

X-Q. 344. Were those the pyramid Janney machines 
that you have now? 

A. No. Now, then, again, those Janney machines 
were torn out and the pyramid type put in. That was 
due principally to the original Janney machines not op- 
erating well on account of the foundations. They were 
set upon concrete foundations, and the ground moved 
considerably up there, so that one machine was at an 
angle one way and the machine next to it was at an 
angle another way, and it was very nearly impossible to 
operate them; they had settled so much that they had 
to be entirely changed, and the pyramid was put in on 
wooden foundations, so that, if any more settling oc- 
curred, they could be brought back into shape again 
without having to tear up the whole plant and remodel. 

X-Q. 345. When did you put in the pyramid ma- 
chines that are now there? 

A. We started putting in the pyramid machines dur- 
ing the latter part of 1916, was the first ones, and that 
was the No. 2, which is now the No. 5. That was the 
first one that went in, because we had no other machine 
in that particular part of our flotation plant at that 
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time, and we could install that without interferting any 
with the operations of the other machines. 

X-Q. 346. And then the other pyramid machines, 
when were they installed? 

A. They were installed right along, following No. 2. 

X-Q. 347. So that when did you have the complete 
pyramid plant installed and operating? 

A. it was in February or March of 1917, I am not 
positive which, but I can give you the exact date by 
looking up the record. 

X-Q. 348. Well, taking these records in Exhibit No. 
158, do they enable you to fix the dates, or the time 
when the complete pyramid machine—pyramid plant 
was installed. You have divided it into periods. 

A. Well, it was divided into periods on account of 
this report being kept up from time to time., This re- 
port was gotten out, and later on more material, was 
added to it; that is, when we had a period of sufficient 
length of time to add to it. But it was not until some 
time in February or March that we started the entire 
plant, or that the entire plan was operating on the 
pyramid type machines. It was after we had started 
using 20 lbs. or more of oil per ton of ore on the entire 
plant. 

X-Q. 349. Will you look up that date and let me 
have it? 

A. I will. 

X-Q. 350. What is the reason for dividing this re- 
port as to 1917 into periods? 

A. Well, as J say, this report was gotten up in 1917, 
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and was gotten up as far back as the first part of 
March, showing the results as they existed in this re- 
port at that time. Then, after the 20th, this report was 
gotten put, showing the same material, but for the addi- 
tional days in March, and the 21st to the 3lst and the 
first to the 15th, which was not on the original report. 

X-Q. 351. Taking the first period, December 22nd 
to January 7th, as to which you have supplied no de- 
tails, why did you link that as a single period? 

A. Up to that time we were operating the pyramid 
machines on more than 1% of oil and the rest of the 
plant on less than 1% of oil, and after that time the 
entire plant was started on more than 1% of oil. 

X-Q. 352. Then during that period from December 
22nd to January 7th vou were operating a part of the 
plant on less than 1% of oil, but you do not include that 
in your report? 

A. That is included in the third quarter of 1916. 
That is why the third quarter of 1916 is segregated 
from the average for the year 1916, on account of in- 
cluding from December 22nd to the 31st of December, 
when a part of the plant was in operation on more than 
ZO lbs. 

X-Q. 353. Now, from January Ist to January 7th, 
the operations with less than 1% of oil are not included 
in the report, is that right? 

A. They are not included. 

X-Q. 354. When did you discontinue those opera- 
tions with less than 1% of oil? 

, A. We discontinued them on—January 9th was the 
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first day that we operated the entire plant on more 
than 1%. . 

X-Q. 355. And from that time on were there any 
operations that were not shown in your report here? 

A. There are no operations. 

X-Q. 356. What happened between January 20th 
and February 3d, 1917; were they included in one 
period—I can’t quite read that; was that the intention? 

A. Yes, it was, but the exact amount of oil that was 
added during that period was 16 lbs., which is a little 
less than 20 Ibs., and we had no oil analyses of the ma- 
chine feed at that time, which consisted of the original 
ore and the circulating middlings in flotation. 

X-Q. 357. Below that is that and the item, January 
7th to February 6th, inclusive? 

A yes: 

X-Q. 358. Does that include a run? 

A. No, that includes the entire period for that time. 

X-Q. 359. Now that overlaps on February 4th to 
February 28th. Why are they overlapped? 

A. Well, the correct oil analysis of the percent of oil 
in the ore and circulating nuddiings treated in flotation 
—we did not have it for that period entirely; that is the 
only reason that J know of why that is separated that 
way. 

X-Q. 360. So that the overlapping in dates which ap- 
pears in those two periods was an actual overlapping, 
but you took February 4th as the commencement of the 
period, because you had certain determinations for that 
period, is that right? 
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Ee Yes. 

X-Q. 361. When did you commence to study the ef- 
fect of larger quantities of oil than 1% in flotation con- 
centration of ores? 

A. I ran across that accidentally; I did not start to 
study that. That was in the summer of 1913, when ]. 
was sent to the Utah Copper to assist in determining 
what could be done down there with the flotation of 
their ores. 

X-Q. 362. Did you perform any experiments in the 
San Francisco Court of Appeals at the hearing in the 
Hyde case? 

Ee | did. 

X-Q. 363. What time was that? 

A.. I will have to look up the exact time on that. 

MR. SCOTT: It was February, 1914. 

X-Q. 364. It was February, 1914, I believe. And 
you say that you commenced to study the effects of 
larger quantities of oil at what time? 

A. Well, as I said before, I was sent to Utah in 
July, 1913, and while down there I was endeavoring to 
see what could be done on the Utah Copper ore, and 
while investigating the possibilities of flotation at that 
time, as far as J knew of it, I found that in order to get 
results there, it was necessary to use quite a large quan- 
tity of coal tar or coal tar derivatives. 

X-Q. 365. Now, you are talking about experiments, 
aren’t you? 

Ee Oh, yes. 

X-Q. 366. You performed experiments in this court 
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on the hearing of the motion for a preliminary injunc- 
tion, did you not? 

A. I assisted in those experiments, yes. 

X-O. 367. And then you performed experiments at 
Wilmington, Delaware, at the trial of the Miami case, 
did you not? 

A. I did. 

X-Q. 368. And in the Supreme Court of the United 
States at the hearing of the Hyde case? 

A. J did. 

X-QO. 369. And in the hearing at Philadelphia in the 
appeal of the Miami case? 

A eledid: 

X-Q. 370. As I remember it, in the Miami case J 
asked you about how many experimental operations you 
had performed with large quantities of oil, and you gave 
me an estimate then of about a thousand; what is the 
present estimate? 

A. Well, [ don’t know how I could estimate that. 
That is my general duty, to perform experiments and to 
investigate the possibilities of the various ores and oils, 
especially oils, and as there are many kinds of oils, why 
naturally the number of experiments that [ have per- 
formed would run into a great number. 

X-Q. 371. Now, you performed an experiment in 
court with a machine alleged to be the machine de- 
scribed in the Criley Everson publication. Is that the 
same machine that was used in Wilmington, Delaware, 
in the trial of the Miami case? 

A. Tt is not the same machine. 
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X-Q. 372. Is anything about it the same machine? 

A. Substantially so, yes; it is similar to the one that 
was used there. 

X-Q. 373. Well, is there anything about it the same 
machine? 

Ze NO. 

X-Q. 374. Is it a new machine? 

A. It is not the same machine at all that was used 
mere. 

X-Q. 375. Jt is a new machine, and it is different 
from what the machine was there, is that right or is it 
the same in construction? 

A. It is substantially the same in construction as the 
one that was used in the Miami case. 

X-Q. 376. What differences have you made in the 
details of the construction in making this new Fryer 
Hill machine? 

A. J have made no intentional differences whatever. 
There may be something slightly different in the con- 
struction, but it can not be the same machine, because 
the other machine is still in court. 

gis COURT: You asked once about the Crile, 
Everson and then about the Fryer Hill; are they both 
the same? 

MR. WILLIAMS: I made a mistake. The Frver 
Hill. 

X-Q. 377. As you described this old Fryer Hill 
machine, you said the central tube was hollow, and 
there was an opening, | believe, at the bottom of the 
tube, just above the cross blade agitators? 


> 
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Xe eee 

X-Q. 378. What function did that hollow tube 
and that opening perform in the operation that was 
carried on in court? . 

A. it performed no function whatsoever. 

X-Q. 379. As IJ look at it now, there are two hoies 
at the place indicated, diametrically opposite, and they 
are both of them nearly stopped up; do you agree as 
to that? 

A. I haven't looked at it; | will inspect it and see. 
Yes, they are partly stopped up. 

X-Q. 380. When you rotated that cross blade agi- 
tator, in what manner did the inclined vanes on the 
bottom of that agitator operate, to throw the material 
outward or inward? 

A. Outward. 

X-O. 381. You performed an experiment which con- 
cluded with an upcast séparation of the metalliferous 
mineral, which sank against the upcast, and you said 
that roughly speaking the percentage of oil to metal- 
liferous mineral was about 7%; is that right? 

Pee litais: 

X-Q. 382. Can you give me the metalliferous 
mineral content of the ore that you used, having in 
imind that it contained not only blende but some other 
metalliferous mincral? il 

A. Well, 1 would have to have that analyzed he- 
fore I could give it to you. I only paid attention 
to the zinc content, and based my figures upon the 


actual zinc and zinc sulphide content. Flowever, I will 
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eive it to you approximately from my own knowledge 
ef how the ores run. 

X-Q. 383. Well, you may give it approximately 
and correct it later if you are in error. 

A. J will look it up and give it to you exactly. 

X-O. 384. Well, then, give it to me exactly. Does 
the insoluble, as given in the assay, give you a figure 
which, if subtracted from the total, will give as the 
difference the metalliferous mineral? 

A. I gave no insoluble assay. 

X-Q. 385. Well, is that so; that is, usually is that 
a fact? ; 

A. It will give you very close to the amount of 
sulphide which is contained, which can be added to 
thé amount of metal as determined. 

X-Q. 386. You said that you were familiar with 
the Everson patent, and that you find in the Ever- 
son patent authority for the use of sulphuric acid and 
copper sulphate together? 

ee i did. 

X-Q. 387. Please point out in the Everson patent 
the part thereof which is authority for your state- 
ment about this, and read the part you refer to. 

A. On page 1 of the Everson patent, line 87: “The 
acids which I have employed are sulphuric, hydrochlor- 
ids, nitric, phosphoric, acetic, oxalic, tannic and gallic. 
{ have also used the following salts, to-wit: the sul- 
vhates and chlorides of sodium, zinc and copper, and 
the double sulphate of potash and alumina.” “The 
selection of the appropriate agents, will however, be 
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largely determined in the practical working of my in- 
vention by the consideration of economy, which will 
obviously exclude the greater number of those above 
enumerated.” 

X-Q. 388. When did your knowledge of mining 
operations commence, or metallurgical operations? 

A. Just what do vou mean, a little more fully; 
I don’t quite understand. 

X-Q. 389. Well, when did you first commence to 
study ‘or practice metallurgy? 

Ae ees G: 

X-Q. 390. While you were performing an alleged 
Fryer Hill experiment, I called your attention to the 
tact that the description of the ore in that experiment 
was as follows: “The ore was first crushed and 
rolled to such a degree of fineness as to enable it to 
pass through a pay nea Screen, ) ind jthrengs! 
asked you about the mimerat that you were using in 
that experinent, Now, ithe firth places Sivemmc 
the screen analysis of that material? 

A. I can't give you a screen analysis of that 
material, but I can give you a screen analysis of some 
of the same materials, of which J have made a screen 
analysis. 

X-Q. 391. Which you believe will be substantially 
the same? 

A. It will. 

XeOR 2 A ligielne: 

A. On a 65 imesh or plus Gomimesh) 2-21) pemicenm 
+100 mesh, 8.03 per cent; +150 mesh, 9.24 per cent; 
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+200 mesh, 19.48 per cent; 4-200 mesh, 61.04 per 
cent. That is approximately what the other would be. 

Bee 593. Did it go any Mmer than that? 

A. I have nothing finer than 200 mesh. 

X-Q. 394. Will you, as a metallurgist, stand for 
the proposition that this material that you used is a 
material such as was described in the Fryer Hill publi- 
cation? 

A. J will. My reason for doing so is that the 
Fryer Hill publications stated that that ore was crushed 
and rolled to pass a 40 mesh screen; and anyone 
familiar with the operation of rolling, crushing will 
know that in order to crush the ore equal to a 40 
mesh screen that there will be a great proportion of 
fines made on account of the method of feeding the 
rollers, which will be a choke feed, and there will 
consequently be a great amount of fines made. 

X-Q. 395. Now, have you the record of the daily 
operations at the commencement of your work with 
the Butte & Superior Copper Company? 

“A. I haven’t the daily record tabulated as I have 
done in 1917. 

* X-Q. 396. But vou have a daily record which will 
give the information? 

Be MES. 

FeO. 397. In what form is ite 

A. Why, I have the daily record in report form; 
that is in daily reports which include the assays of 
the headings, the mill—the general tailings, concen-. 
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trates, flotation as produced by the mil] and the amount 
of reagents used and the tonnage treated. 

X-Q. 398. Well, will you let me see the record for 
the first months that you were there? 

MR. WILLIAMS: While waiting J will hand up an 
affidavit of Mr. Ballot covering those matters in re- 
lation to the proposed supplemental bill of complaint 
which we were discussing. | 

A. It will be necessary for me to give you the 
date. The record for the first month I was there, 
{ have got to go farther back than that because this 
report does not begin until the last of 1913. 

XO. 399" MRO MTA MS. lhese aiew the 
earliest that you have? 

A. Of this year. Jt will be necessary to go back 
and get the assay sheets, each individual one, and get 
the material from those. 

X-Q. 400. Well, now, take the first a that you 
have a record of here? 

XS a Srednt. 

X-Q. 401. What is that day? 

A. November 1, 1913. 

X-Q. 402. Now, this table that you have pro- 
duced is the original record of the company, is it? 

A. This one? 

X-Q. 403. Yes, this table that you have here? 

ties eS: 

X-Q. 404. That is the original record of the com- 
pany and not a copy, it is a record of the company? 
{fs that Sw 
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fee ves, that is correct, yes. 

X-Q. 405. And from it you have no tabulations 
wherein the days are brought together? 

A. From it we have monthly statements, yes. 

X-Q. 406. But no daily statements other than 
these? 

A. Well, it don’t include all the information that 
this does. 

X-Q. 407. Well now, how many—what was the 
first item of that statement? 

A. The first statement—the first item is ore re- 
eeived, dry tons for the day. he total to date, and 
the last of the month. 

X-Q. 408. Well, for the day 1193 tons? 

Be «OY ES. 

X-Q. 409. And then what is the next heading 
cr column giving tons, 1181? 

A. That is the amount of ore that was milled for 
that particular day. 

X-Q. 410. Now, give me the assay, of concentrates 
produced on that day? 

A. The zine concentrate produced, dry tons, was 
O77. 

X-Q. 411. Now, give me the zinc content of these 
concentrates ¢ 

oe. O. 

X-Q. 412. And the amount of the tailing? 

A. The zinc content of the tailings? 

X-Q. 413. No, the amount of the tailings? 

A. Well, I would have to calculate that first. 
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X-Q. 414. Well then, never mind. The zine con- 
remit Of thespailimes © 

i. Dlezine 

X-Q. 415. Now, that figure as the zinc concentrate, 
is that the zinc concentrate of the flotation plant or 
the total zinc concentrate of the mill? 

A. Below here we have the zinc concentrate, zinc 
content of the concentrate that was produced by the 
mill, then also by the flotation plant separately by 
shifts. 

' X-O. 416. Will you give me that mill zine con- 
centrate, on the first shift that day? 

Ao Whatewas 526 sthe second ssimit 55.0 sandeion 
thesthird sit 52.35) )ihe flotation) concentiatemion 
the first shift was 49.7; for the second shift 49.45 
and for the third shift 49.6. 

X-Q. 417. I notice a line giving the dilution of 
the flotation feed. 17 suppose that is the proportion 
of solids to water? 

A. That is the proportion of the water to the solids, 
Wess it: 

X-O. 418. Just give me that figure? 

A. The first shift, 2.4; second shift 2.3; tlurd 
shift 2.4. 

X-Q. 419. Now, give me the amount of oil used, 
first, flotation oil pounds? 

A. 1429 pounds the first day, which was equal to 
1.209 pounds per ton. 

X-Q. 420. And whose signature is signed to that 


sheet? 
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A. F. R. Wicks, mill superintendent. 

X-Q. 421. And that is the F. R. Wicks who has 
testified in this case, is it not? 

Peeethat is the F. R. Wicks, 

MR. GARRISON: I offer in evidence the following 
documents delivered by the defendant in response to 
our call, and ask that they each be admitted in evi- 
dence and marked with their appropriate number. 

MR. KREMER: To each of the documents offered 
in evidence the defendant objects for the reason that 
it is incompetent, irrelevant and immaterial, and tends 
to prove no issue in the case and it is particularly in- 
competent insofar as the alleged issue of estoppel or 
res adjudicata is concerned in that no evidence has 
beén introduced or offered which in its nature is of 
such a character as to constitute estoppel or res 
adjudicata as against this defendant; and for the fur- 
ther reason there is no sufficient issue of estoppel or 
res adjudicata raised by the pleadings. 

mint COURT: These are part of thesame mar 
ters to show payment? 

MR. GARRISON: Yes, sir. 

iiae COURT: The same ruling ihe objection 
will be overruled and exception will met noted. 

MR. KREMER: An exception should be noted to 
each of the exhibits. 

WHEREUPON the following documents were ad- 
mitted in evidence and marked with the respective 
exhibit numbers shown in connection with each. 

Voucher No. 3409, amountng to $165.00 issued to 
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J. M. Hyde under date of fuly, 1911, admitted am 
evidence and marked DEFENDANT’S EXHIBIT 166. 


Voucher of the Butte & Superior Copper Company 
No. 3495, amounting to $155.00, in favor of J. M. 
Hyde, August, 1911, admitted in evidence and marked 
Dera IAN TS EXHIBIT 167, 


Voucher No. 3508, amounting to $150.00 issued to 
J. M. Hyde under date of September, 1911, admitted 
in evidence and marked DEFENDANT’S EXHIBIT 
168. 


- Voucher of Butte & Superior Copper Company No. 
3519 amounting to $150.00, in favor of J. M. Hyde, 
September, 1911, admitted in evidence and marked 
DERENDANTS GxXoIEIT) 169. 


Voucher of Butte & Superior Copper Company, No. 
3584, amounting to $150.00, in favor of J. M. Hyde, 
under date o: September, 1911; admitted im evidence 
and marked DEFENDANTS EXHIBI? I7@. 


Voucher of Butte & Superior Copper Company, No. 
3610, amounting to $5,000, in favor of J. M. Hyde, 
October, 1911, admitted in evidence and marked DE- 
Pe ANI Ss, EXETEIT 171 


Voucher of Butte & Superior Copper Company, No. 
3609, amounting to $130.00, in favor of J. M. Hyde, 
October, 1911, admitted in evidence and marked DE- 
BENDA NT sax a a7 2. 


\ 
Voucher of Butte & Superior Copper Company, 
No. 3764, amounting to $230.15, in favor of James 


| 


iad 
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M. Hyde, November, 1911, to which is attached a 
paper headed “Expense Account, Chicago Trip, J. 
M. Hyde,” admitted in evidence and marked DE- 
meNDANT’S EXHIBIT 173. 


Voucher of Butte & Superior Copper Company, 
No. 4153, amounting to $369.47, in favor of J. M. 
Hyde, March, 1912, admitted in evidence and marked 
DEFENDANT’S EXHIBIT 174. . 


Voucher of Butte & Superior Copper Company. 
No. 4154 amounting to $400.00, in favor of J. M. 
Hyde, April, 1912, admitted in evidence and marked 
PerPENDANT’S EXHIBIT 173. 


Check of Butte & Superior Copper Company, dated 
fily 8, 1912, payable to the order oi J. M. Hyde for 
$200.00, to which is attached voucher of the Butte 
& Superior Copper Company, No. 4550 for the same 
amount and bearing the same date, admitted in evi- 
dence and marked DEFENDANT’S EXHIBIT 176. 


Check of the Butte & Superior Copper Company 
under date of November 21, 1912, payable to James M. 
Hyde, for $602.50, to which is attached two lead 
pencil memoranda and a letter on the letterhead of 
Hayden Stone & Company, Bankers, New York- 
Boston, bearing date New York, October 3, 1912, ad- 
dressed to Mr. M. W. Atwater, Butte &  Siuperen 
Copper Company, Butte, Montana, consisting of two 
pages, a typewritten sheet headed “Expense account 
of James M. Hyde, trip to Washington Patent Suit, 
leaving Butte, April 17th, 1912, amounting to $334.05, 
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another typewritten document headed “Expense ac- 
count of James M. Hyde, Trip to London, on Patent 
Suit, leaving Butte, July 18th, 1912,” amounting to 
$868.45, aud voucher of the Butte & Superior Copper 
Company under date of November 21, 1912, payable to 
the order of James M. Hyde, No. 5333, amounting 
to $602.50, admitted in evidence and marked DE- 
Poe ai Ss EXHIBIT No. 177, 


Letter on the letterhead of the Butte & Superior Cop- 
per Company, under date of July 31st, 1913, addressed 
to Mr. j. L. Bruce, Manager Butte & Superior Cop 
per Company, Limited, Butte, Montana, signed by 
N. B. MacKelvie, and a purported copy of letter 
bearing date Berkeley, California, July 30th, 1913, 
addressed to N. B. Mackelvie, signed James H. Hyde, 
admitted in evidence and marked DEFENDANT'S 
EXEIBID 178: 


WHEREUPON an adjournment was taken until 
S300 Pi My of thisday, Mondays April soi, 1917 


Butte & Superior Mining Compairy. 3411 
Protein May lageart. 
S 0 clocdespam, April 30, 1917 


Seem RIDAN: ff the court please, | think J 
would like to have Prof. Taggart give a resume of 
the fact which the pictures of the froths will show. 


meeOPESSOR TAGGART, recalled. 


THE WITNESS: This is a drawing, similar, I 
think, to a drawing that was made the other day to 
show the situation of affairs at the surface of an air 
bubble in an oil contaminated pulp, containing sulphide 
mineral. 

Oy Somethine like detendant ¢ exiibityNo, 1282 

mm Yes. “there is a bubble of air surrounded 
directly at the air-liquid contact with an oil rich 
layer, which grades in concentration from maximum 
oil concentration at the air-liquid surface to maximum 
water concentration removed away from the air- 
liquid contact. Then at the surface of the bubble, 
but not piercing the bubble Xo as to be in contact with 
the air, are the sulphide particles. Now, these for the 
photographs which we will show tonight will show 
some bubbles in that condition, with particles of sul- 
phide sticking to the outside of the bubble. They will 
also show some of the bubbles that have emerged from 
the liquid and are found in the condition of air on 
one side of the bubble film, air in the other side of 
the bubble film, and the sulphide particles contained 
completely within the film, but at no place in contact 
with the air. 
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Now, a proof of this particular contention, that the 
sulphide particles are at no place in contact with 
the air, is shown beautifully by some of the bubbles 
which are directly against the glass through which 
they were photographed in the froth. Those bubbles, 
in moving up along the glass, have been rubbed free 
of the sulphide particles by the mechanical moving 
along the glass, so that they present the appearance 
of those bubbles that the court saw this afternoon, that 
were not coated, which were in contact with the glass. 
Those bubbles may, however, be coated at other places 
where they are not in contact with the glass. Now, 
that means, that if you look through this side of the 
bubble it is clear along the glass, and as the photo- 
graphs were taken the camera was at a point such 
as this (indicating) and the light was coming from 
a point such as this (indicating) and from those 
clear bubbles there will be noticed two reflections of 
that light, one from this surface of the bubble) and 
one from this surface. I think that can be illustrated 
rather well by looking at the reflection of light, here with 
this water bottle; there are two reflections of that light, 
one from the concave surface and one from the con- 
vex surface. Now, we will get exactly the same con- 
dition in some of the bubbles that are clear in con- 
tact with the glass in the photograph which you will 
see. The fact that we get those two reflection is a 
proof of the fact that there are no sulphide particles 
on the back of that bubble, sticking through ito con- 
tact with the air, because if there were particles on 
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the back of the bubble sticking through into contact 
with the air, then the back of the bubble would be 
dull, and would be a non-reflecting surface. [ think 
I can show it with a rough diagram. If this repre- 
sents a smooth reflecting surface and this is the source 
of light, and the eye is here, the gleam of that light 
will be recognized by the eye from this particular 
angle, and the angle which the beam of light makes 
with the plane, that is the angle A, will be equal tp 
the angle at which the light goes to the eye; in other 
words, the angle of instance of the light is equal to 
the angle of reflection. Now, if we take a surface 
rough and corrugated in that fashion, the beam of 
light will go in the same way, but no beam of light 
will be recognized by the eye at this point; there 
will just he a general illumination, due to the dif- 
fusion on the rough surface. If the back surface of 
the bubble in the pulp were in this condition, as it 
would have to be if the bubble stuck through into 
contact with the air, then there would be no second 
reflection from the back of the bubble, but merely the 
Gime teilection from the front of the bubble that is 
clear and in contact with the glass. 

I have represented here the rays of light as they 
will be reflected from the outer surface of the bubble 
and the rays of light as they will be reflected from 
the inner surface of the bubble to the eye. [ think 
that is all, as far as that particular phase is con- 
cerned. | 


PROF. TAGGART: Now, the pictures will also 
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show that it is impossible, by visual examination, to 
tell whether a froth has been made with more or 
fess than one per cent of oil; and that will further 
show, as more or less of an incidental feature, that 
it is possible by the eye to tell and distinguish in 
froths—in some froths at least—provided these froths 
have been made with different oils, but with the same 
ail less than one per cent of oil and more than one 
per cent oil, is impossible to tell from the photograph. 

MR. WILLIAMS: These sketches should be 
marked as exhibits? 

MR. SHERIDAN: JI will introduce them now. 


his first sketch referred to by Prof. Laggart, Ina 
Wiecramls No, 22, we voller imsevidence: 


Diagram Taggart’s No. 22, admitted in evi- 
dence and marked DEFENDANT’S EXHIBIT 
179. 


MR. SHERIDAN: And then the second one will 
he offered. — 


Taggart diagram No. 23 admitted in evidence 
and marked DEFENDANT’S EXHIBIT 180. 


MR. SHERIDAN: QO. When the pictures are pus 
an the screen first, Mr. Phillips will give us an idea 
af about how large the magnifications will be on the 
screen, how large the increase in diameter will be of 
the lantern slide, and then the relative size of the 
magnification upon the screen. 

MR. PHILLIPS: Some of the photographs were 
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mmagnified—one series of photographs were taken 
natural size and in making the lantern slides from 
those photographs they are reduced on the lantern 
slides and the photograph of the top of the film which 
are natural size, the slides are reduced to 7-11 diam- 
eter, 7-11 of one diameter. The photographs that 
are magnified five diameters on the lantern slide are 
reduced to 2 3-10 diameters; and the photographs 
that were magnified 15 diameters are reduced to 6.9 
diameters—that is on the slides. Now, in projecting 
these slides, the picture on the slide is two inches 
wide, and we make the image of the slide and thus 
macnity the picture on the screen in inches, divide 
that by two; the width of the image in this case is 
three feet. That will be 36 inches. Divide that by 
two and then the magnification by the projection is 
18 diameters and multiply the 18 diameters by the 
magnification on the slide in whatever case it will 
be and that will give the diameters of the magnifica- 
tion of the image, and then by squaring these diamet- 
ers it will give you the number of times that the pic- 
ture is magnified. The pictures of the top view are 
magnified on the screen under these conditions 120 
times, that means about eleven diameters. The series 
of pictures marked No. 2, that is the photographs 
magnified five times are magnified on the screen 
1700 times, a diameter of about 41. And the fifteen 
magnifications are magnified on the screen 17,000 
times, 1302 diameters. Now there are a number of 
slides of bubbles and the bubbles are of different di- 
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mensions and different magnifications, and that large 
magnification will be 378,000 times on the screen, and 
the first five slides of bubbles will be magnified 64,000 
and the other one will be magnified 72,000 times. 

MR. WILLIAMS: Will you just go into detail 
a little about these magnifications? 

MR. PHILLIPS: “Diameters” is lineal measure, 
and then the number of times magnification represents 
the area or square. You square the diameter to get 
the times. 

MR. SHERIDAN: ©. Mr. Phillips, will you 
please tell us when a picture is thrown on the screen 
the particular oils that were used and the thickness 
of the froth ? The first number indicate the index 
of the particular picture; the second number, say 1, 
Z, 3, as to whether it 1s the top view of the side or the 
magnified five diameters or the side one magnified 
‘fifteen diameters. They are repetition, these slides 
are replicas of the pictures that were put in evidence 
but we want to put the slides in evidence so they 
can be shown to the court more thoroughly. 

MR PHILLIPS: What is froth’ trom oil mxtiime 
No. 3, and the froth was a quarter of an inch thick. 

MR. SHERIDAN: Professor Taggart will make 
a technical—any technical explanation he sees fit on 
each picture as put on the screen. 

PROF. TAGGART: I would like to have the 
court notice here chiefly that these bubbles are very 
similar in appearance to those that we saw through 
the microscope the other day. These represent bub- 
bles which have air here on the upper side, the atmos- 
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phere, and upon the inner side some of the air that 
was beat into the pulp and has risen with this and 
other bubbles which have combined to form the big 
bubble, but the particles of mineral are within the 
film itself. The film raises smoothly and regularly 
over the particles; there are no jagged projections 
which would be characteristic of a mineral particle 
sticking through into the air. There you notice also 
that the froth is rather sparse in that particular par- 
ticle. This represents the same froth magnified five 
times. The upper line of the froth comes along in 
about here (indicating). 

Pon, PHILIPS.) 1Z0stimes, thats: 

PROF. TAGGART: 1 think that is all of that. 

MR. SHERIDAN: JI wish you would put that 
screen back again. J would like to have Prof Taggart 
direct the court’s attention to the hanging particles 
at the lower part’ of the froth. 

MR. TAGGART: Yes. These are the particles. 
Of course on these froths that are made in the machine 
where the froth is not removed as rapidly as it 1s 
made, that represents the overloaded bubbles which 
gradually become so heavily laden that the buoyancy 
of the air within the mass of bubbles is not sufficient 
to buoy up the particles. Such a condition is not char- 
acteristic of froths that are being removed continu- 
ally, and is a characteristic in the small machines where 
the mineral—where there is plenty of mineral present 
with small quantities of oil as it is with large quanti- 
ties. 
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MR. WILLIAMS: What is the percentagef of oil 
in that froth? . 

MR. TAGGART: The percentage is one tenth 
GF Ole wperscemt, isnt it, Mr Phillipe: 

Views PS: ) Yes: 

MR. KREMER: The upper part of this shows 
the film on the glass. 

MR. TAGGART: Oh, yes, just the contamina- 
tion and dirt, atid that ‘will be obesrved on all of 
these froths that represent a magnification of five 
diameters. .That is the upper line of the film. We 
get this in all cases above the top of the froth, a 
contamination on the glass which can be distinguished 
from the froth. 

Now, you will notice here in this particular slide 
which is a projection magnified some thirteen hundred 
diameters the small particles plastered all over the 
outside of the bubbles. This mass through here 
represents similar bubbles of—similar bubbles very 
‘heavily coated with the solid particle. You see here 
these bubbles are under the water so that you are 
looking from the water side, from the pulp, as it were, 
against the bubbles, and consequently looking directly 
at the solid particles themselves. Now, as these rise 
to the surface and come out into the atmosphere, then 
the film has air on both sides and these particles are 
then wholly within the film. | 

MR. PHILLIPS: That is oil mmxture No: 3, 0:3 eq 
cent. 


MR. TAGGART: This 1s 0.3 per cent; the tomes 
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was 0.1, per cent. You will notice that there are more 
bubbles, the whole surface of the jar is covered in 
this case with bubbles. The bubbles are larger and 
characteristic of the froth that are obtained from the 
later cells of the flotation machine as they are oper- 
ated in the mill, that is the solid, while the mineral 
has become impoverished, and the pulp has become 
impoverished of some of its oil. This represents the 
same froth magnified in the picture some 41 diameters. 
~ You will note here the presence of an enormous num- 
ber of small particles. These are plastered on the 
outside of the bubbles and some of the bubbles can 
be seen in a very rough fashion here. The character- 
istic appearance of the bottom of the film—of a film 
made in one of these square glass jar machines is 
noticeable here, and it will be noticed a dropping is 
shown about the same as it was in the froth made 
with the smaller quantity of oil. 

Here is some froth magnified 130 diameters. Now, 
here you will notice the reflection that I speak of, 
here and here and here, where these bubbles which 
have been or are in direct contact with the glass 
walls of the cell, and they have been rubbed free of 
the load of solids that was on that particular surface, 
and the materia! has been distributed around here. It 
will be a little more noticeable, the particular distribu- 
tion of the load of mineral on some of the other bub- 
bles, but you will notice here is one of the reflections 
from one of the surfaces of the bubble, and here is 
the reflection of the other surface of the bubble. 
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flere are the two spots of light, and here and 
here, and in all these it will be found that you have 
two spots of light, one reflected from the smooth 
auter surface of the bubble and one reflected from 
the smooth inner surface of the bubble. 

MR. PHILLIPS: That is .4 of 1% oil mixture 

MR. TAGGART: Now, this froth is considerably 
heavier than the preceding ones. Your honor will 
notice the drawing back of the bubble film where the 
bubbles are broken here and here, the extremely vis- 
cous condition of that film, due to the intrusion of the 
solid matter. I think your honor noticed that in one 
af the froths this afternoon. The characteristic ap- 
pearance of these surface bubbles is again apparent 
here. There is absolutely no sign here of a par- 
ticle projecting from the bubble film, the films in that 
case rising smoothly from the particles, and the same 
is true, as was shown under the microscope of the 
other side of the film; that 1s, under the microscope 
the two sides of that film were absolutely indistinguish- 
able. It was a type, and it showed the surface in con- 
tact with the air, and there is air of course inside 
of this bubble. Now these bubbles in the side view 
have but one side in contact with the air, and the 
side that we see is the side that is in contact with 
the water, and consequently there the. particles are 
vot included within the film, because the film as a 
film is not yet formed, but merely that the oil rich 
layer at the air-liquid contact with solid particles 
held in that oil rich layer and being brought to the 
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top. As soon as they emerge into the top then they 
are entirely inclosed. 

Here is a magnification of some 41 diameters of 
the same froth. You will notice here the bubble out- 
lines, and see again this still characteristic fringe at 
the bottom. 

Here is the enlarged view of these bubbles in con- 
tact with the glass, showing the two spots, the re- 
flection from the outer and the inner surface. 

MR. PHILLIPS: One half of one per cent. oil 
mixture. 

elim TAGGAKT Wiis isthe same oil only 
ereater amount, and on the surface of course it is pos- 
sible to distinguish the froth produced by one-tenth 
or two-tenths or three-tenths of 1% from the froth 
produced from oil five-tenths of 1%, because in the 
lower quantities the froths are so starved with the 
small quantity of oil that they did not completely cover 
the surface, but froni now on the froths will be suf- 
ficiently voluminous to completely cover the surface of 
the jar, and from now on it is absolutely impossible 
to distinguish between them. You will notice here 
again this viscous film to which your attention was 
called in the last picture, and again the particles are 
wholly within the film. 

This is a m@4nification 41 times, again with its 
characteristic fringe at the bottom. 

Here the magnification is 130 times with the bub- 
bles showing generally in contact with the glass, clear 
and showing two spots. Now you will notice upon 


3422 Minerals Separation, Limited, et al., vs. 
EiOuerwrinut kaye Pacoagt, 


this bubble that some of the solid matter has been 
rubbed off of the surface and that is seen on the bub- 
ble at the point where it is in contact with the glass, 
and of course this solid matter extends all around 
the surface of the bubble, except this small point or 
area that is in contact with the glass. 

Pie PRICES: 0.6 of #9, on iixtire. 

MR. TAGGART: Here is the same or) shelitia 
more of it, and the same characteristic appearance 
absolutely. 

This is a side view, looking through the glass, 41 
diameters. The outline of the bubble here, and the 
fringe again at the bottom. 

Here is a larger magnification. 

Vike Pin VEEP S- 9) Wiis sis 3195) of coil Sniectine: 

MR. TAGGART: I don’t think that there is any- 
thing peculiar about this to comment on; I have been 
saving the same thing over and over again about 
these as we went along. This is 41 diameters. 

This is 130 diameters. 

MR. PHILLIPS: 114% of mixture. 

MR. SHERIDAN: Q. Point out those viscous 
films again. 

A. Here are the bubbles which have broken this 
way, and have drawn back. The persistence of course 
of these films as a sort of sheet is a sign of their high 
viscosity. 

Here is the same film magnified 41 diameters. Here 
again, magnified 130. 

--O..° You see some of those birdseye bubbles there? 
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A. I see the spots in here just the same. 

Wik PHILLIPS: This is 114% Of Oil “Mise 

MR. TAGGART: Here again the film is so like 
those that were shown before that it is useless to 
point out the particular characteristics. 

This is a magnification 41 diameters. You notice 
that the fringe at the bottom is no more pronounced 
than it was on the lower quantities of oil. 

Here is the high magnification with these charactef- 
istic bubbles showing the reflection from the front and 
the back surface. 

Pike PRIiLCiP Ss ee lhic issenetentho1 one wper 
cent. eucalyptus oil. 

MR. TAGGART: There you can see a decided dif- 
ference fron? the one-tenth of one per cent, of this se 
called oil mixture. You will remember that in the one- 
tenth of one per cent oil mixture there were bubbles 
around covering the surface with the exception of an 
area which would be included about where my pointer 
has passed. Here the bubbles are so scarce that the 
surface presents the appearance merely of a broken 
scum as it were, on the surface. These dark spots 
represent where bubbles have broken, and the surface 
is not covered with solid matter; in other words, you 
can see the water at those points. 

MR. WILLIAMS: It should be noted here on the 
record that this froth was produced with California 
eucalyptus oil, which has never been used in the flo- 
tation process, and it was not made with the Aus- 
tralian eucalyptus o11 which has accomplished such 
wonderful results. 
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MR. TAGGART: ‘This is the side view of than 
particular froth of which we just had the top. Here 
you can see that there was a slight froth which was 
apparent at the surface. 

MR. WILLIAMS: Do you know where the line of 
that froth ends? 

(tee VIET NESS: About vhere: 

MR. SHERIDAN: Just above'the bubbles? 

Eee es, 

Q. How is the characteristic fringe, pronounced 
or not? 

A. It is rather pronounced. 

Here is the same froth magnified to the high di- 
ameter. 

MR. PHILLIPS: This is five-tenths of one per 
cent. California eucalyptus oil. 

MR. TAGGART: Your honor will howe herema 
very decided difference between this particular froth 
and the froth that was formed with the five-tenths of 
one per cent oil mixture; in other words, it is quite 
easy, not to say the particular oil with which a froth 
was made, but with many froths, to tell that they were 
made with different oils. However, given the same otl 
and varying, not the conditions but the quantity, then 
the problem of distinguishing the froth is an impos- 
sible one, visually. 

Here is the magnification 41 ‘diameters of the froth 
which has just been shown. The upper line of the 
froth runs through in some such position as this; | 
think it probably runs up a little like this, \with-this, 
with this bubble rather up in the corner. 
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Here again we have the characteristic’ two spots re- 
flected from the bubbles whose surfaces are in contact 
with the glass or film. 

Pixs PHILLIPS: This is 2% eucalyptus oil, and 
the mineral in this case is chalcopyrite and silica. This 
is a side view, 41 diameters. 

Mok. TAGGART: We do not have. the top-of "hat 
froth? 

Vike PHILLIPS. No 

MR. TAGGART: There is an apparent difference 
in that froth from the others that we have seen, due, 
evidently to the different mineral and to the great 
quantity of mineral in the froth. There is some froth 
there which shows the bubbles in contact with the 
glass, but they have not been sufficiently agitated, or 
they are too heavily loaded with the particles to rub 
them clean, so that we do not get the reflected sur- 
faces as before. The white dots in these bubbles rep- 
resent the reflection from the surface of the sulphide 
minerals. You will notice that the type of the reflec- 
tion here is very different. On the other bubbles the 
reflection unquestionably was not-mineral, because min- 
eral does not distribute itself in this fashion on the 
bubbles. Here the promiscuous distribution of the 
mineral on the bubbles is not a similar case at all. 

ik, PHILLIPS: ‘This charge was made upeac. 
cording to the California Journal of , me- 
chanically mixed. 

MR. TAGGART: Here again we have an obviously 
different appearing froth from either of the two pre- 
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vious froths, the difference being due, however, to the 
fact that different ingredients were used in forming 
the froth, not that different percentages of oil were 
used. 

There is the side view of the same froth, magni- 
fed 41 diameters. 

Here is the highly magnified view, 130 diameters. 

MR. PHILLIPS: This was the same charge, only 
it was mixed by hand in a mixing bottle. 

O. BY MR. SHERIDAN: Just as it was on the 
judge’s desk? 

MUN JelsUUb ese Sees. 

MR. TAGGART: The white streak down here is a 
reflection from the rounded surface of the bottle. The 
other photograph was taken in a square jar. 

This is the same highly magnified, 130 diameters. 

MR. PHILLIPS: These are bubbles ot sone-tenan 
of one per cent. eucalyptus oil. 

MR. TAGGART: These are very much more mag- 
nified than any of the previous ones, are they not? 

MR. PHILLIPS: They are magnified 64,000 times, 
252 diameters. 

MR. TAGGART: These were made by taking 
some of the froth from the machine and placing it in 
a small tube about one-eighth of an inch inside diam- 
eter, and then filling the tube up with water and cork- 
ing both ends, so that the bubbles were completely 
immersed in water, and the tube was laid on its side 
and photographed. You will notice here even more dis- 
tinctly than in the other photograph, the rough appear- 
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ance of the outside of this bubble. These are the solid 
particles stuck onto the outside of the bubble, inclosed 
within the oil rich adsorption film at the air-liquid con- 
tact surface. 

MR. WILLIAMS: What is that bubble at the up- 
per right hand corner? . 

MR. TAGGART: Perhaps Mr. Phillips can tell 
us if he recollects the particular appearance of that. 
He probably does not. You see these are magnified 


Z50 times, Mr. Sjiiams. 

MR. WILECTAMS: 252 times. 

MR. TAGGART: So you don’t notice a particular 
spot one-two hundred and fiftieth of that size? 

MR. PHILLIPS: That is a bubble with no min- 
eral, water on that face, directly in contact with the 
glass. 

MR. WILLIAMS: Were those bubbles up against 
a glass surface? 

Wi PRIMER S<-9 vessthey were, 

IMR WILLIAMS: Se that they vancwas Ittles in 
flattened? 

MR. PHILLIPS: Not very much; they probably 
are a little flattened. 

MR. TAGGART: They were against a round sur- 
face; they are contained in a glass tube about one- 
eighth of an inch inside diameter. 

MES SHERIDAN: In that upper rieht bandseorn 
ner are those the characteristic two high lights? 

A. They look like it, but I would not care to say. 

MR. PHILLIPS: No, they are not. 
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MR. WILLIAMS: 1 think I can see about four, 
myself. 

MR. TAGGART: I think so; I would not want to 
say about those; I think there are several. 

MR. WILLIAMS: What is that in the upper left 
hand big bubble, that dark space in the middle with — 
spots in it? 

MR. TAGGART: I think very likely that is the 
place at which the bubble is in contact with the glass, 
and the solid has been abraded away at that point. I 
looked at some of those bubbles under the miscro- 
scope, but not quite as high a magnification this morn- 
ing, and that is quite a characteristic appearance, as 
this is also, where that particular bubble has been 
bumped at that particular place, and the mineral has 
been moved over and moved back here. 

MR. PHILLIPS: These are bubbles taken from a 
charge containing one-half of one per cent. eucalyptus 
oil. 

MR. TAGGART: And the previous one was how 
much? 

MR, PHILIPS: One tenth o1 one per cent. Wine 
are the same magnification. 

MR. PHILLIPS: These are the same magnifica- 
tions. 

MR. TAGGART: Note the difference in the ap- 
pearance of these bubbles. 

MR. PHILLIPS: These are bubbles taken fronta@ 
charge containing 0.1 per cent of mixture No. 3 magni- 
fied the same, 250 diameters. 
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These are bubbles taken from a charge containing 
0.5 per cent oil mixture No. 3, 250 diameters magni- 
fied. 

PROF. TAGGART: You will notice the character- 
istic two spots in these various bubbles, that are ob- 
servable. 

MR. WILLIAMS: Those are air bubbles, aren’t 
they? . 

ERO, TAGGAR IY: They are net completely clear, 
Mr. Williams, but there isn’t a particularly heavy 
load on them. 

MR. PHILLIPS: They are air bubbles separated 
from the water in part. . 

MR. WILLIAMS: To my mind they are clear bub- 
bles, showing similar reflected surfaces. 

PROF. TAGGART: Similar reflected surfaces, cer- 
tainly, to those that we had before. 

Mik. WILLIANIS: Whey have no metal in then 

MR. TAGGART: Some of them have. I noticed 
this morning in this examination that I spoke of that 
those particles are very lightly loaded—this is, most 
of them. I could not say all because I was not look- 
ing to see whether all of them bore a load, but most 
of these bore a light load of mineral. Of course it 
was not nearly so heavy a load as was borne by the 
big particles. 

MR. PHILLIPS: That is a mixture containing one 
and one half per cent of oil mixture, magnified 250 
diameters. 

MR. TAGGART: And the previous one was how 


much P 
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Vike tite CIPS: 0:5 peimcent. 

MR. TAGGART: I would like your honor to look 
closely at this and then we will go back to the previous 
one, for this one is 0.5 per cent above the line and the 
gather 0.5 per cent below. Except as a matter of dit 
ferent illumination it seems hard to note any distinc- 
tion between the two slides. 

MR. PHILLIPS: This is the same mixture, same 
kind or bubble, I> per scent ot @lleinninctuie: 

MR. SHERIDAN: Enlarged how many itmes? 

A. 64,000. 

MR. WILLIAMS: 64,000. 

A. 252, as before. 

» MR. WILLIAMS: 250 diameters. 

MR. PHILLIPS: 250 diameters. This is a balm 

from a charge containing two per cent of eucalyptus 


y 


gil and the magnification is 612 diameters or 375 thou- 
sands. | 

_ MR. TAGGART: And a different mineral is used 
tlaere. 

Se Hik, PHILEIPS: And the mineral is chalcogpyrite 
and silica. 

MR. TAGGART: I think the difference heremim 
the appearance of the bubbles is largely a question of 
the mineral. 

MR. PHILLIPS: I would like to state that that 
bubble is interesting. In fact, in putting this bubble 
in and putting the cork on top, they put too much 
pressure and they condensed the air bubble and the 
coating of the bubble was ruptured and it was so well 
formed that it very nearly retained its shape. 
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This bubble is from a charge containing two per 
cent eucalyptus oil, the same mineral, chalcorpyrite and 
silica and magnified 270 diameters or 72,000. 

This was wood tar oil 0.1 per cent, Butte & Superior 
ore. 

MR. TAGGART: Here again you see these char- 
acteristic two spots on these bubbles in contact with 
the side of the cell, it being borne in mind that these 
are photographed under water. 

MR. PHILLIPS: That is wood tar oil 0.3 per 
cent. 

MEK. SHERIDAN: Wy hatwore: 

Wik. PHILIPS sttter@. sttperion ore. 

MR, TAGGART: And note that the froth is very 
sparse. Tha represents about the upper line of the 
froth on this particular picture. The part above is 
the dirt on the sides of the cell. Here we have the 
higher magnification with the same froth. 

Pies PHILLiPS: Whissic 30:3 per "cent wood tan 
oil, Butte & Superior ore. 

MR. TAGGART: Again the surface of the froth 
shows very clearly the characteristic bubbles. The 
flattened effect between the—The flat effect, although 
the complete surface of the jar is covered. There again 
we have a thin froth. 

MR oHERIDAN: Side view. 

MR. TAGGART: This is the side view, 41 diam- 
eters, the upper line of the froth runs across about 


here. 
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MR. WILLIAMS: Isn’t that a case of very small 
bubbles, as the enlargement would bring it out? 

A. We will be able to see on the next bubble. The 
bubble appears to be about the same size as in many 
of the previous ones. 

MR. WILLIAMS: I see a bubble there with four 
RenlectOns om Wt, 

MR. TAGGART: Yes, I have an idea that there 


are two bubbles there.,, ; 
MR. wget : '0.4 per cent pine tar oil, Butte 


& Superior ore. 

MR. TAGGART: Here again we have this char- 
acteristic froth. The froth is im contact with the am 
particles wholly included within the whole surface 
froth. | 

MRS PHILEIPES- Uiisvis the 4 diameters: 

MR. TAGGART: It is characteristic—you see it 
is characteristic of that oil that the bubbles were con- 
siderably larger than on the other oils used, do you 
not. 

NR eee Se Ver suchelaneser 

MR. TAGGART: The upper line of the froth is 
about here. 

Here we have the 7/0 magnification and the bubbles 
are sufficiently heavily coated and sufficiently tough 
so that the cell matter has not rounded off in contact 
with the glass. 

MR. WILLIAMS: As I read that those are sep: 
arate bubbles, with the dark lines between them? 

MR, TAGGART: Yes, sir. We will see two, tive 
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six, rather large and one rather small bubble complete 
the main point of that particular film. 

MR. WILLIAMS: I think that that particular 
picture shows how, when bubbles are crowded against 
each other, the adjacent walls flatten out to almost 
planes. I think that shows that very well, when they 
are crowded together in the froth. 

MR. TAGGART: I should most certainly expect 
some flattening, yes, sir. 

MR. PHILLIPS: This was 0.5 per cent pine tar 
oil. That same thing is shown clearly here. This is 
the top view, but the junction is practically straight 
lines. This is a characteristic of any substance closely 
packed. 

Here is the same froth, side view, magnified 41 
diameters, showing one of two clear spots here where 
the film has been rubbed off one side by the contact 
with the glass and here is the same froth magnified 
170 diameters showing approximately the character- 
istics of the previous one. 

MR. PHILLIPS: 0.6 per cent pine tar oil. 

Wik TAGGART: Phere is no diftereace in this 
top view to comment on. The top of the froth in this 
particular view is about in there. 

Pico nERIDAN: Side wiew: 

MR. TAGGART: This is a side view magnified 41 
diameters. Here again it is similar to the previous 
one and here is the side view magnified 170 diameters. 
I do not think that needs comment except for simi- 
larity. 
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MR, PHIEieS. Phisicsomenperscent pine far oil 

MR. TAGGART: Again you note we have the 
characteristic bubble, too. | 

MR. SHERIDAN: Right there, nedr the lower left 
hand corner we see a kind of small raised point and 
one large bubble. What is that? 

MR. TAGGART: I have an idea, Mr. Sheridan, 
that that is a smaller bubble. I do not think there is a 
larger particle being held there. The small bubbles will 
sometimes appear on the surface of the larger ones and 
give that same appearance. I think, however, that up 
here at the upper left-hand corner, a little just to the 
left, there are particles included within the film. It is 
rather easier to tell that under the microscope, where 
you can see whether the particular protuberance- has a 
small particle within or ore in air, but I think that 
this one is too large for a small particle. 

Here is the side view magnified 41 diameters of the 
same film. This I think you said was one per cent? 

Miser ii ihs: One per cent 

MR. TAGGART: The top of the froth being about 
along here and the froth being sufficiently light, there 
is no need to call attention to that. Here again you 
see the same froth magnified 170 diameters. 

MR. PHILLIPS? 30, One= leks per cent pine tay 
oil. 

MR. TAGGART: This again is evidently similar 
to the previous froth. The side view magnified 15 
diameters with the top of the froth coming in to about 
here. And here the froth is again magnified 170 
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diameters. The bubbles are heavily laden with solid © 
material. : 

MieieLiPS: Tworpemeent pine tar oil, Butte 
& Superior ore used on all of these tests, these pine — 
tar tests. 

MR. TAGGART: You will notice here this char- 
acteristic leathery appearance of the things, and hete 
is one of the bubbles broken and with rather viscous : 
film between as seen in the photograph; and a side 
view of the same froth magnified 41 diameters; the 
top of the froth running into about through here. | 

THE COURT: Why do the bubbles seem so much 
more towards the bottom than towards the top? They 
-are not so distinct. 

A. Some of these bubbles are drawn up along the 
sides. You know that the froth is higher on the sides . 
than in the center and you get the contact then of that 
upper bubble with the one directly under it, which out- 
lines this particular contact. The dark spaces above 
here represent the spaces below which the tops of the 
top .bubbles lie, and the line here represents the point 
above which, and I have drawing my pointer at somie 
point in through these two as representing approxi- © 
mately the top. _ 

Here is the sam@ froth magnified 170 diameters — 
with a characteristic appearance of the preceding : 
ones. 

MR. PHILLIPS: We have no good night slide, but | 
I think that is the last one. 

MR. SHERIDAN: I would like, if your honor 
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please, to offer this box of lantern slides in evidence, 
en bloc, as defendant’s exhibit 181, and I would like ‘to 
do this with them if Mr. Williams will agree, and that 
is I would like to have them remain in our possession 
with a right to call for them at any time. 


MR. WILLIAMS: Yes, I think that would be more 
convenient for each party showing films oX pictures of 
this kind. 


AEB COURT: The record will somhow. wlsnn 
pose that completes it. 


The slides admitted in evidence and marked 
DEFENDANT’S EXHIBIT 181. 


WHEREUPON an adjournment was taken until 
TO OOran my tesday. Way lst LOI. 


Tuesday, May Ist, 1917, 10 o’clock a. m. 


THE COURT? In the matter or theapplicationite 
file the supplemental and amended bill, which is also 
a bill in intervention, but of course it is not the labels 
on the bill which control, it is the substance of the 
bill; and even though they may not have placed upon 
the bill all the labels it ought to bear, it is no objection 
to its being filed. 

This amendment proposes to bring in other parties 
im intervention; they themselves are here, asking, in 
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that they have a right as licensees of this patent to 
share in the proceeds of the action, insofar as there is 
a recovery for infringement at all. It seems to be and 
it ought to be the practice in patent suits to join the 
patentee and his licensees, in that it makes for single- 
ness of action and prevents multiplicity of action. 

As a matter of fact, if defendant knew that this 
patent right had been in fact assigned to licensees, and 
failed to make’ it known, and had allowed the patentees 
to secure a full recovery, they would still be liable to 
the licensees for what was properly theirs; the same 
as in the case of the assignment of a cause of action; 
if the debtor does not insist upon the assignee, if the 
suit is by the assignor, being brought in, and lets the 
assignor recover, the debtor is still subject to the claim 
of the assignee, so that it is really for the benefit of 
the defendant in this suit that these parties should be 
brought in. At the same time the court, knowing this, 
of its own motion would insist upon it, because cer- 
tainly this court does not want to try this case or any 
part of it again, and it would be obliged to if these 
licensees were not here. 

Now, the other feature of the proposed amendment 
enlarged upon the fact that the Hyde case had been 
decided, the decree and mandate. As the court stated 
the other day, as far as it is for the purpose of plead- 
ing res adjudicata, it 1s really anticipating the defense, 
that that too has been customary in patent suits. I 
notice in a Supreme Court decision a few days ago, and 
I failed to make the notation, though it 1s within the 
last 50 volumes, which makes it very definite to you of 
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course—the Supreme Court casually observed that 
former adjudication should be either pleaded or intro- 
duced in evidence, without commenting on the prac- 
tice. The patentee, no more than anyone else, is bound 
to anticipate a defense. They could introduce it in 
evidence without pleading it. In this case when the 
former adjudication, by name at least, is against a 
party not party to this suit, fairness to the defendant 
requires that it should be pleaded, but it could ordin- 
arily be introduced in evidence after the defense of 
invalidity is made, no replication being necessary. 
That is only the general law of practice and pleading. 

Now, as to lack of diligence, the condition in respect 
to that is the same as it was when the defendant a few 
days ago asked leave to amend their defense and in- 
troduce new patents and the California publication. 
The court said there that the peculiar circumstances of 
this case would serve to render the delay, not lack of 
diligence, because both parties were resting quiescent 
in a large measure, waiting for the decision of the 
Iivdersuit. So here, as far as there not beemidilioence 
in bringing forward these assignees or licensees, the 
court does not think the objection is well taken, for, as 
I said before, the court would order them in; inter- 
vention may be had at any time prior to the conclusion 
_ of the suit, as long as it does not operate to the preju- 


dice of the defendant, and it does not in this case. 


None of this new matter in the supplemental bill is any 
surprise to the defendant, and so the amendment, or 
the supplemental and amended bill and bill in inter- 
vention will be allowed to be filed. 


r 
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MR. KREMER: Your honor will allow us an ex- 
ception? 

tmiteeO@URT: Exceptiomwill be noted. 

MR. KREMER: And will your honor make a 
further order providing in what time we shall answer? 

THE COURT: What time would you like, five 
days? — . 

Tike RREMER.  Tentdaye; Itihink we will be here 
that long, surely. 

MAE COURT. VYouare tovcenclude your case this 
week, as I understand it, and you ought to answer be- 
fore you conclude. I will give you until Saturday 
morning. There is nothing new in this, really. 

MR. KREMER: No, it is merely the preparation 
of the answer, the mechanical part of it. The answer 
will be in form the same as the one now. 

THE COURT: Saturday morning. 


BEN H. DOSENBACH resumed the stand 
for further 


CROSS-EXAMINATION. 


X-Q. 422. To complete the record of November 1, 
1913, what oils were used on that day? 

THE COURT: Now you are inquiring with re- 
spect to what? Your question relates to a former one, 
but that former has passed out of the court’s mind. 

MR. WILLIAMS: I was inquiring about the oper- 
ations of the plant on November 1, 1913, that being — 
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the earliest day of which he had any record with him 
and I am completing that record now? 

A. The oil used on November 1, 1913, was 1.29 
pounds pine oil per ton. 

X-Q. 423. Was heat used on that day? 

A. Heat was used on that day. 

X-Q. 424. Was sulphuric acid used on that day? 

A. Sulphuric acid was used on that day. 

X-Q. 425. I don’t think I obtamed from you the 
tonnage of the feed to the flotation plant on that day? 

A. The tonnage was 1181 tons to the mill on that 
day; and until such time as [ can segregate that part 
of the concentrate which was made in the concentrator 
from that which was made in the flotation plant, I 
cannot determine exactly what the feed to the flota- 
tion plant would be on that date. This is the total 
amount of zinc concentrate for this day and it does 
not show the tonnage of lead; that is plus the mill 
feed, independent of the flotation plant. 

X-Q. 426. What would be your method of calcula- 
tion? 

A. My method of calculation would be the tonnage 
of the lead concentrate plus the tonnage of the zinc 
concentrate produced in the wet concentration portion 
of the mill subtracted from the mill heads or tonnage 
to the mill; that would give the total amount of ore to 
the flotation plant. 

X-Q. 427. That is to say all the material except the 
concentrate taken out by wet concentration goes into 
the flotation mill? 
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A. That is so. 

X-Q. 428. And is this method of calculation the 
method that has been used throughout? 

emeelit 1S. 

X-Q. 429. There has been no different measure- 
ment taken of the dry feed to the flotation plant? 

A. We have no definite method other than the cal- 
culating method, by deducting the products that are 
taken out before the feed comes to the flotation plant. 

X-Q. 430. Now, have you the record for Septem- 
per 13th? 

A. September 13th—as to what, Mr. Williams? 

X-Q. 431. Have you here the monthly summary 
and averages for September, 1913? 

A. Yes, I have the tons milled and I have the power 
and the oil and acid and I can give the assays for Sep- 
tember, 1913. 

X-Q. 432. Individual assays for the different days’ 
runs? 

A. Some I haven’t got them segregated it has been 
impossible for me to get all the material together from 
that. Any particular day that you might want I can 
give those days and give you all the information on 
those days. There is quite a voluminus record to go 
through. 

X-O. 433. Well, I would like to have a daily item- 
ized statement for some time in September? 

A, IOS 

X-Q. 434. 1913, which would approximately give 
the day on which the concentrates were made that were 
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found on a car in Oklahoma on September 18th, 1913, 
making allowance for the usual delay in transporta- 
tion? | 

A. I don’t know how I can get that. 

X-Q. 435. Somewhere about that time. I presume 
that you didn’t make any great changes then and you 
can take some day which in your judgment would be 
about the time that these concentrates were made, and 
Jet me have that day and the days thereabouts. You 
have got that record, but you haven’t it here with you? 

A. No. Maybe anywhere from one to three months 
or nine months before that; maybe less and maybe 
more. 

X-Q. 436. Bring the daily record of that time and 
we will probably be able to get something that will be 
of assistance. Tell me, however, what oils you were 
using in September, 1913? 

A. We were using pine oil and some oleic acid. 

X-Q. 437. Pine oil and what? 

A. Some oleic acid. 

X-Q. 438. And what general proportions of pine 
oil to oleic acid? 

A. Approximately I should say fifty of each. 

X-Q. 439. And the total oil was how much to the 
ton or what percentage of the feed? | 

Aline sepieniber, lols: 

X-Q. 440. In September, 1913? 

A. In September, 1913, the oil used was 2.799 
pounds per ton based upon a ton of mill heads. 

X-Q. 441. Mill heads to the flotation plant? 
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A. Mill heads, that would be the heads to the mill, 
of new ore. That would make it slightly above that 
per pounds per ton of flotation feed. 

X-Q. 442. When did you commence using pine oil? 

A. We started to use pine oil about June, 1913. 

X-Q. 443. And what was the oil proportions and 
the mixture at that time? 

A. The amount of oil used July was 4.24 pounds, 
so it would be approximately four pounds. 

X-Q. 444. The average oil used during July was 
4.24 pounds per ton of what? 

i Pertton orsere tortie: mill: 

X-Q. 445. MR. WILLIAMS: In what manner 
was that oil proportioned; was it oleic acid or pine oil 
or pine oil alone, or what proportion? 

A. There were some days when pine oil was used 
alone, and some days when it was used with oleic acid, 
but I should say the proportion at that time, was about , 
S09, 0 each. 

X-Q., 446. I asked you for June. 

A. There was only a day’s run made with pine oil 
in June, consequently I gave you July. 

X-Q. 447. How long did you continue to use a mix- 
ture of pine oil and oleic acid in the proportion of 
eben: 50% of each? 

A. Well, the proportion varied from fifty to forty 
and sixty. We continued the use of pine oil and oleic 
acid for some time. 

X-Q. 448. Until when? 

AveeWiitil the latter part of 1914. 
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X-Q. 449. Then what oil did you use? 

A. Then we used pine oil alone. We were, at this 
date here, using oleic acid together with pine oil in 
August. 

X-Q. 450. When you used pine oil alone, in what 
proportion or amount did you use it? | 

A. Approximately after that it was 1.64 lbs. per 
ton. 

X-Q. 451. What day’s record have you given me? 

Ae Dhat is December 30th 1914 the averaceaia 
date for that month. That gives you a fair average. 

X-QO. 452. How long did you continue to use pine 
oil alone? 

A. We continued to use pine oil alone, and being 
the principal oil that we used until December, 1916. 

XO) 455.) December first: 

A. No, December 22nd, it being understood that 
the pine oil was the principal oil that we used. How- 
ever, we had occasional carload of other oils that we 
tried out, such as Barrett oil and pine tar oils and oils 
of that sort, but the principal oil that we used was pine 
oil. E 
X-Q. 454. Well, take the record of November, 1912, 
and give me the oils or the mixtures that you used dur- 
ing that month. The record that you now show me is 
for November, 1916, and that does not give you the 
information you want. 

A. It does not, but the one previous to that, Oc- 
tober 31st, 1916, will give you the average amount of 
oil for that month of October. 
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X-Q. 455. Give me that figure. 7 

PeeeoUlbs. of pine oil 

X-Q. 456. Any other oils used during the month of 
October, 1916? 

A. No other oils used. 

X-Q. 457. Now, give me the record of October 
olce 1916, 

A. The ore milled was 2,122 tons. The mill zinc 
concentrate obtained was 75 tons. The lead concen- 
trate 20 tons. 

X-Q. 458. That was water concentration? 

A. By water concentration. The flotation concen- 
trate that was obtained was 526 tons. 

X-Q. 459. And the tailings? 

A. The average assay of the tailings was 1.19. 

X-Q. 460. The tonnage of the tailings? 

A. Well, I will figure it for you. 

X-Q. 461. That is not given on the sheet? 

A. We do not keep the tonnage of the tailings, no. 
The tonnage of the tailings was 1,501 tons. 

X-Q. 462. How did you compute it? 

A. By subtracting the products that were obtained 
in the mill from the ore that was milled. 

X-Q. 463. Now, give the assay of the concentrates 
from the flotation plant. 

A. The assay of the concentrate of the flotation 
meanteeas, tor the first shiit, 99.2% of zine, Onmme 
second shift, 55.3, and for the third shift, 55.6. 

X-Q. 464. Now, what was the assay of the zinc 
concentrate from the water concentration part of the 


plant? 
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A. For the first shift, 46.7; for the second, 48.4 
and for the third, 47.9. 

X-Q. 465. On that date did you use sulphuric acid? 

A. On that day sulphuric acid was used. 

X-Q. 466. In what amount? 

A. I haven’t it for the particular day, but I have 
it, the same as I have the oil, for the average for the 
month, to and including that day, which is 5.059. 

X-Q. 467. Did you use heat on that day? 

A. A very little heat was used; however, the tem- 
perature, as I remember it in 1916, we were operating 
at about 35° C. 

K-Q. 468. And you used steam in order to get it up 
to, that temperature? 

me Oh yes. 

X-Q. 469. Did you use any other reagents on that 
day besides those you have given? 

A. On that day we used copper sulphate solution. 

X-Q. 470. How much? 

A. That was equal to one-tenth of a pound of me- 
tallic copper per ton. 

X-Q. 471. Per ton of what? 

A. Per ton of ore milled, the same as the oil and 
acid was based upon. 

X-Q. 472. When did you commence to use copper 
sulphate ? 

A. It was about July, 1915. 

X-Q. 473. And did you continue to use it from then 
om? 

A. We did. 
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X-Q. 474. When you started in July, 1915, how 
much copper sulphate did you use? 

A. We used about .25 of a pound of metallic cop- 
per per ton of ore milled. 

X-Q.'475. And when was that increased, or was it 
increased? 

A. It was decreased. 

X-Q. 476. And when was it decreased? And to 
what amount? 

A. Gradually decreased until about the latter part 
of 1915, when it was found that the results were as 
good with one-tenth of a pound metallic copper per ton 
of ore. 

X-Q. 477. And that is the figure—this figure that 
you give is not the figure representing the copper sul- 
phate, but the figure which represents the amount of 
copper in the copper sulphate, is that right? 

A. Exactly so, yes. 

X-Q. 478. And that one-tenth of a pound of me- 
tallic copper per ton of copper sulphate, how long was 
that continued? 

A. Well, that has continued up to the present time. 
Right now it is about .08, or a little less. 

X-Q. 479. <Any other reagents used besides what 
you have testified of? 

A. None, other than as a settling agent, sodium 
chloride; we used salt. . 

X-Q. 480. Where? 

A. For the slimes. 

X-Q. 481. For the settlement of the slimes in thick- 
ening? 
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A. In thickening. 

X-Q. 482. And of course that salt goes into solu- 
tion in the water? 

AS lt clees, 

X-Q. 483. And flows through the flotation plant? 

ex ile clos, 

X-Q. 484. Could you give me an idea of how much 
sodium chloride is present in the flotation plant as the 
result of that? 

7a Lecould nor. 

X-Q. 485. What is the general measure of its use? 

A. We measure it on the amount of ore that is 
milled, and that figure is about .87 of a pound for the 
month of October, 1916, per ton of ore milled. 

X-Q. 486. .87 of a pound of sodium chloride? 

am ES: 

X-Q. 487. Do you continue to use sodium chloride 
or common salt for the settlement of slimes at the 
present time? . 

fe NS Tal, 

X-Q. 488. And in the same amount? 

A. Substantially so, yes. 

X-Q. 489. This copper sulphate solution that you 
used, from where did you obtain it? 

A. The Anaconda Mining Company. 

X-Q. 490. Have you any analysis of it? 

A. Contains about 1.3%; approximately, of metallic 
copper; contains some salt and some acid. 

X-Q. 491. Does it contain any copper chloride? 

A. I have not made determinations for copper 
chloride on that. 
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X-Q. 492. Do you happen to know what kind of a 
product it is? 

A. It is the Leach solution which is obtained from 
the leaching plant of the Anaconda Company. 

' X-Q. 493. The solution that has done its work in 
the leaching? 

A. No, the solution that results from the leaching 
by sulphuric acid. 

X-Q. 494. And that is the copper sulphate that you 
have used in all your experiments here? 

A. Exactly so. 

X-Q. 495. Well, haven’t you an analysis of that 
material that you can give me? 

A. I might have with me, I am aa positive about 
that. I can make a search and see. 

X-Q. 496. Suppose you look it up and get it later 
so that the court won’t have to wait? 

Pee richt. 

X-Q. 497. How about the water that flows through 
your flotation plant? What is your water system? 
Where does the water come from that goes through 
the plant? 

A. Why, part of the water comes from the North 
Butte extension property which 1s situated and located 
about a mile from the Butte Superior plant, and part 
of it comes from the city of Butte and the balance is 
reclaimed water that is used over again from the set- 
tlement of the slimes. 

X-Q. 498. And from the concentrate? 

A. Also from the concentrate. 
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X-Q. 499. That is to say, you economize by get- 
ting the water out of your products and sending it 
back again through the system? Is that right? 

A, Yes, sir. 

X-Q. 500. Now, I want some of the proceedings 
after December 22nd, 1916. We will take the period 
from February 4 to 28th, 1917, and I note that you 
give the assay of the feed to the flotation plant as 
13.29 per cent zinc, and the ore to the flotation plant 
plus circulating middling treated in flotation as 20.25 
per cent zinc. How was that arrived at? By meas- 
urement or computation? 

A. That was arrived at by determination, assay 
determination. 

X-Q. 501. By assay of the total feed? 

A. Ore to the flotation plant plus the circulating 
middling treated in flotation. 

X-Q. 502. Now give me the figures about the cir- 
culating middlings. In the first place give me the ton- 
nage of circulating middling? 

A. I haven’t the tonnage of circulating middling. 
The tonnage that is given here is the tonnage of ore 
to the flotation plant, 26,262 tons. 

X-Q. 503. Is that new feed? 

A. That is new feed which contains 13.29 per cent 
zinc. The ore to the flotation plant, plus the circulat- 
ing middling treated in flotation contains 20.25 per 
cent zinc, but I have no tonnage of that material. It 
is impossible to get it. 

X-Q. 504. Well, do you take a Et of this total 


Butte & Superior Mining Company. 345) 
Ben H. Dosenbach. 


feed and do you from this sample make an assay to de- 
termine the amount of copper in it? 

A. As before stated, I make an assay to determine 
the amount of copper in it. | 

X-Q. 505. And zinc? 

ees. 

X-Q. 506. And you do not consider the tonnage of 
the middlings returned? 

A. No, the middlings returned go right with the 
original ore when it comes in; it is all elevated together 
to the machine. 

X-Q. 507. Well, then, in the absence of that tom 
nage can you give me the zinc content of the middlings 
returned? 

A. No, I can’t give you the zinc content of the 
middlings returned. 

X-Q. 508. Can you give me the amount of oil in 
the middlings returned? 

A. I cannot give you the amount of oil in the mid- 
dlings returned. 

X-Q. 509. Or the percentage? 

A. Nor the percentage either. 

X-Q. 510. The only measurement that you have is 
the measurement of the amount of zinc in the mid- 
dlings returned? Is that right? 

A. The only measurements that I have is the 
amount of zinc in the feed to the flotation plant plus 
the circulating load; and I also have the oil determira- 
tion for that material. That is the actual material 
that goes to the machine. 
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X-Q. 511. Can you, Mr. Dosenbach, compute the 
tonnage of the middlings and the amount of oil in the 
middlings from these figures? 

A. It might be approximately computed, if you 
have the two determinations and one tonnage. 

X-Q. 512. State what your method would be? 

ie Why, having the. total tonnage to the flotation 
plant containing its relative amount of zinc, having the 
assay determination of the material to the flotation 
plant, which includes that tonnage of the original ore 
plus some indefnite tonnage that contains some indefi- 
nite amount of zinc, it might be possible to. I have not 
gone over it to see. 

X-Q. 513. Have you a general idea of the richness 
of these middlings and the amount of zinc which they 
contain? 

A. Why, it can be seen that if the feed to the flo- 
tation plant plus the circulating middlings that is 
treated in the flotation plant, which is the flotation 
machine feed, contains more zinc than the original ore 
did, why it is quite possible that the middlings re- 
turned is richer than the original ore that came in, 
so as to bring the average of the two up to a percent- 
age, which in this case is approximately seven per cent 
richer in zinc than the original ore. 

X-Q. 514. That is obvious. But I asked you 
whether you had any idea as to the richness of these 
middlings ? 

A. The middlings possibly might run on the aver- 
age 25 or oO per Celltezine: 


Butte & Superior Mining Company. 3453 
Ben H. Dosenbach. 


X-Q. 515. Of course if they run much higher than 
that they would not be returned as middlings? Isn't 
fiaat trie? 

A. Yes, that is very true. 

X-Q. 516. I think you made a general statement 
about the proportion of middlings returned to feed. 
Now, what definite basis have you for that statement? 
You said sometimes it was greater than the original 
feed ? 

A. Yes. The basis of that is that a glance at the 
tailings of the feed to the flotation machine itself 
would give you some idea that the amount of material - 
returned is as great or greater than the amount of the 
original ore sent to the flotation plant. 

X-Q. 517. Have you the original records of the 
days around February 4th to 28th, 1917? 

Evel ave. 

X-Q. 518. Let me see them please? 

A. I haven’t them with me other than the tabu- 
lated data that gives each day’s operation. 

X-Q. 519. I would like you to bring with you the 
records upon which these tabulations were prepared 
for the period of February 4th to 28th, 1917. When 
you changed from the smaller quantities of oil to the 
somewhat larger quantities on December 22nd, 1916, 
what changes did you make in your mode of opera- 
tions and the machines used and so forth? 

A. There were no changés,in operations other than 
making provision for connecting the tube mill dis- 
charge direct to the flotation pyramid machine that 
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was put in operation on that day, and also connecting 
a portion of the slimes which now were the general 
slimes that went to the general flotation plant to that 
machine itself. 

X-Q. 520. Well, then, that machine was put in 
operation on that day? That was one change? 

A. That was one change, naturally it would be. 

X-Q. 521. You started with a pyramid machine 
and where did you feed the oil to this pyramid machine 
or the feed to this pyramid machine? 

A. Just before it went to the first cell. That was 
considered in the series of rougher cells; that was #2 
cell on that pyramid. 

X-Q. 522. At what times during your operations 
did you feed the oil or any portion of it ahead of the 
tube mill? | 

A. We made frequent changes of that sort and fed 
the oil to the head of the tube mill at various times 
during the operation, but found that we did not ob- 
tain any better results with the oil going to the head 
of the tube mill than we did with the oil going to the 
feed after it left the tube mill or the tube mill proper. 

X-Q. 523. How long at any time did you continue 
to feed the oil to the head of the tube mill or ahead 
of the tube mill? 

A. Oh, possibly we continued for a period of four 
to six weeks. 

X-Q. 524. And when was that? 

A. That was after starting in December. We made 
experiments to see whether it would be advisable or 


—————— 
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not, and then we would disconnect it and send it to the 
other place. | 

X-Q. 525. After December 22nd, 1916? 

A. Yes, that is what I am speaking of. 

X-Q. 526. When did you last feed the oil ahead of 
the tube mill? 

A. To the best of my recollection it was in March 
of this year, the latter part of March. 

X-Q. 527. Were you in the plant on Sunday morn- 
ing, before the arrival of our representatives, Sunday 
last? 

A. I was not, no. 

X-Q. 528. Prior to the use of the larger quantities 
of oil, that is to say prior to December 22nd, 1916, did 
you take any part of your concentrate as first concen- 
trate from one of the machines without retreatment? 

A. Please state that again. 

X-Q. 529. (Question read.) 

A. Yes, we have done that. 

X-Q. 530. Over any considerable period of time? 

A. Not for any great considerable period of time. 

X-Q. 531. What was the general practice? 

A. The general practice was to clean and reclean 
but occasionally when the system was overloaded and 
it was necessary to relieve a part of the system, why 
the concentrate from the rougher machine with the 
rougher concentrate was sent to the bin for a period 
for a sufficient time to enable the plant to readjust 
itself. 

X-Q. 532. When did you commence to both clean 
and reclean your concentrates? 
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A. In November, 1913. 

X-Q. 533. When did you commence to clean and re- 
clean and again re-clean your concentrates as you 
were doing last Sunday? 

A. We also did that in 1913, about the time, after 
November, 1913; our first cleaner was arranged so 
that we could make two cleaners out of it. 

X-Q. 534. And then in addition to that there was 
a re-cleaner? 

A. A re-cleaner; there was a third cleaner. 

X-Q. 535. Can you give me any other comparative 
figures of the return of middlings to original feed be- 
fore December 22nd, 1916, and after December 22nd, 
Ge 

A. I should say that they were approximately the 
same, or very nearly so. 

X-Q. 536. When did you install the Callow ma- 
chines? 

A.* They were installed in the latter part of 1915. 

X-Q. 537. And for what purpose have they been 
used since their installation? 

Ww hey have been used merely to take care ot the 
fluctuations that occurred in the Janney machines that 
take the feed 
before they take the feed; for instance, if a Janney 


are placed in the system ahead of them 


machine is down, or any part of it is down for any 
reason whatsoever, it sort of leaves the pneumatic ma- 
chines below to take care of the feed as it goes to it. 

X-Q. 538. What do you mean by taking care of the 
feed; do you use them for producing finished concen- 
trates? 
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A. We do not; we produce middlings from these 
machines only, and they are merely there as a safety 
valve, you might say. 

X-Q. 539. Their function is to clean the tailings? 

A. To assist in cleaning the tailings, yes, and as a 
safety valve to take care of any fluctuations in the 
upper part of the plant, should it suddenly go down, 
or any part of it go down. 

X-Q. 540. Before December 22nd, 1916, did you 
take into account the oil in the circulating middlings? 

A. We did not. 

X-Q. 541. Since December 22nd, 1916, you have 
made frequent changes, have you not, in the flow 
sheets as to the flow of the material to the different 
machines? 

A. Since December 22nd, 1916, yes. The plant was 
changed over from the straight series type of ma- 
chines to the pyramid type of machines and that neces- 
sitated the changing of the flow sheets. 

X-Q. 542. And then, as I understand it, the flow 
sheet as exhibited to us last Sunday was different from 
the flow sheet as you explained it to us on Saturday, 
is that right? 

A. Well, I did not have time to conclude it Satur- 
day; I was endeavoring to explain the cleaning ar- 
rangements, which I showed on that flow sheet to the 
two cleaning arrangements, and I endeavored to show 
this, consequently I did not draw any line for these 
machines except No. 7 pyramid, to give you the actual 
flow through the pyramids as original material. 
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X-Q. 543. When did you commence to use one of 
the pyramid machines as a cleaning machine or re- 
cleaner? 

A. In February, I think it was, when we started to 
use it; February, 1917. Then it was discontinued 
again, and then it was used again. 

X-Q. 544. I notice that in Exhibit 158 in the period 
January 30th to February 3d, 1917, the estimated re- 
covery is given as 99.20. I note also that in the daily 
proceedings sheet, Exhibit 159 for January, there is 
an item which you explained, on January 31st, 
130.70% recovery estimated. Is that figure of the 
calculation the one which accounts for that very high 
99.20 in the estimated recoveries from January 30th 
to February 3d? 

A. I should say that it was. 

X-O7 045. So that that particilan icone, 020s 
a representative of the recoveries on the operations of 
this particular test, may be treated as having been 
greatly exaggerated by the ordinary methods of com- 
putation and balancing up at the end of the month, is 
that right? 

Pa At the end of the monta, yes; sir 

X-Q. 546. You did not furnish any table of the 
daily operations from December 22nd to January Ist, 
did you? 

A. No, because there was just a portion of the 
plant in operation with the larger quantities of oil at 
that time, and the pyramid machines, as shown in one 
of the reports, gives the results of that particular 
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operation; that is, the tailings from the pyramids after 
the assays had been made which are reported on that 
gieet, joined with the other tailings and was taken as a 
general sample for our regular mill record. 

X-Q. 547. That is to say, it was a period of experi- 
mentation, and the operations in the larger amount of 
oil were practically those that appear in the table, Ex- 
hibit 163, is that right? 

A. I shold say that it was a period of more or less 
oil used in the plant for the various machines, due to 
the fact that we did not have the oil to operate the en- 
tire plant, so we operated on what machines we had 
fre oil for. 

X-Q. 548. Why don’t you say that it was because 
you were experimenting and did not know exactly how 
to handle the larger quantities of oil; that is the truth, 
isn’t it? 

Zee itis not. 

MR. SCOTT: Mr. Williams, I would ask you what 
you mean by large quantities of oil, whether you mean 
one thing or another. 

MR. WILLIAMS: [I think that the reports which 
the witness has produced of the test that I refer to are 
sufficient for the edification of the witness. 

MR. SCOTT: Will you kindly state what you 
mean by large quantities of oil? 

MR. WILLIAMS: Do you object to the question 
which I asked? 

MR. SCOTT: I object to it because it is too indefi- 
nite—large quantities of oil. I refer to the last ques- 
tion. 
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THE COURT: The witness apparently under- 
stood and answered. I think the objection comes too 
late. 

Defendant excepted. 

X-Q. 549. In the following report that you have 
given of the daily operations, I don’t find the applica- 
tion of the oil of the 68 different varieties of oil mix- 
ture that are described. The 53 varieties of the regu- 
lar operations, shown in Exhibit 160, do not appear in 
the daily reports, the last one being variety No. 50, on 
Marchrsista lol 7 

Ee Dhateise oO: 

X-Q. 550. There is an interregnum, is there not, in 
the operations of April, wherein the other three of the 
53 varieties were used, as to which you have furnished 
no information? 

A. Well, as I said yesterday, we keep our oil in 
numbers, and it is the only way to keep general track 
of the oil mixture when we are using more than one 
oil; consequently these three oils must have been used 
on one of the days in April. 

X-Q. 551. You have given a general summary of 
April Ist, 1915. Will you give a record of the daily 
operations? 

A. I can supply a record of the daily operations, 
but I think it would take the afternoon. I have been 
so busy in April here that I have not had a chance to 
do that. 

X-Q. 552. Please do ihat so.as to complete theaee 
ord, and make the daily records correspond at least for 
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the latter part of the work, with your general flotation 
operation sheets. 

ieee tight. 

X-Q. 553. Now, I don’t find in here 53 varieties of 
regular operations, and these 16 varieties of experi- 
mental operations are operations in the pyramid ma- 
chines—that is not the exact oil mixture that has been 
testified.of here. When was that mixture adopted? 

A. Well, as I told you, that is the mixture that we 
endeavor to run, and in a number of instances there, 
while the actual figures may not show it exactly, those 
are the actual proportions taken by weight and the 
figures 7/0, 18 and 12 is the oil mixture used. After 
24 hours of operation, the oil mixture may come out 
70, 16 and 14, showing the actual weights that had 
been used. That is necessary to keep track of our oils. 

X-Q. 554. Variety No. 28 is 10% kerosene, 70% 
Jones’ crude and 20% of pine, which seems to me to be 
the nearest approximation to what you have given. 

A. That is fair all right, I should say. 

X-Q. 555. Where do you get this kerosene? 

A. Well, that is purchased from the Utah Oil Re- 
fining Company and from the Continental Oil Com- 
pany and from the Texas Oil Company. 

X-Q. 556. Is the kerosene such as is sold on the 
market for illuminating purposes? 

A. As commercial kerosene, yes. 

X-Q. 557. Isn't it a cruder and cheaper grade? 

A. We have had one or two cars of a cruder, cheap- 
er grade. 
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X-Q. 558. What is the Jones crude oil, and where 
do you get it? 

A. That is an oil that comes from Kansas; it is 
called Jones’ crude, but I think it is more of a resi- 
duum than it is a crude oil. 

X-Os559) Of petroleum? 

-A. Of petroleum, yes, sir. 

p= 260> The No. i creosote, what icthaw 

A. That is a hardwood creosote, a fractional dis- 
tillate from the hardwood. 

X-Q. 561. Where do you get that from? 

A. That comes from Marquette, Michigan. 

MeO, 502. No, 2 creosote: 

A. That is also another fraction of a hardwood dis- 
tillate, it is a hardwood distillate, and is somewhat 
similar to the #1. 

X-Q. 563. Do you know what the difference is be- 
tween the two? 

A. Well, it is a difference in the fractionating of 
‘the two. 

X-Q. 564. Now what is this fuel oil? 

A. The fuel oil is a paraffin residum. 

X-Q. 565. Is this known as Jones fuel? 

A. It is not. That is known as Graybull fuel. 

X-Q. 566. Where do you get it from? 

A. From Graybull, Wyoming. 

X-Q. 567. Now, the pine oil, where do you get that 
from? ; 

A. Principally from the Yaryan Resin and Turpen- 
tine Company. 
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X-Q. 568. Do you have any pine oil which is not 
Yaryan pine? 

A. Right now we haven't, no. 

X-Q. 569. But you have had? 

A. We have had other pine oils that we have tried 
out. Everything in that report is Yaryan pine oil. 

X-Q. 570. No. 4 Barrett, that is a wood tar, is it? 

A. That is a coal tar distillate. 

X-Q. 571. And where do you get that from? 

A. From the Barrett Manufacturing Company. 

X-Q. 572. What was this oil called tar? 

Zo Dhatic crude coal tar. 

X-Q. 573. And where do you get that from? 

A. From the Butte Gas Works. | 

X-Q. 574. What is this paraffin base? 

A. That is a crude paraffin oil of paraffin base. 

X-Q. 575. Can you complete the supply of speci- 
mens of these oils that are tabulated by you? I be- 
lieve we have one or two, but not by any means all. 

Ele cat. 

X-Q. 576. Will you do so as promptly as possible? 

A. I will if you will let me know what quantity you 
want? 

X-Q. 577. Kindly talk to Mr. Chapman or Mr. 
Higgins and give them what they want. Will you 
do so? 

A. Yes, if they don’t want too much. 

X-Q. 578. Now, during the period before Decem- 
ber 22nd, 1916, did you make any determination as to 
the circulating middlings, any assays or measure- 
ments? | 
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A. No. We have at times endeavored to get some 
experimental data of these middlings, but the volume 
of material that we were returning was quite great 
and it was very hard to get an accurate tonnage sam- 
ple, and an assay of that material so I have actually 
taken these samples and thrown them out, for I did not 
think they would be accurate enough to submit. 

X-Q. 579. Then you haven’t any reliable record of 
these middlings prior to December 22nd, 1916? Is 
that correct? 

A. I have no reliable records on the middlings prior 
to or aiter December 22nd, as to the amount and the 
assay. 

X-Q. 580. Do I understand that after December 
22nd and during the period up to the present time you 
have had no reliable record of the middlings? 

A. As to what? 

X-Q. 581. As to any part of them? 

iv. INC: 

X-Q. 582. What did you mean when you said that 
you had no reliable record before or after December 
22nd? 

A. I meant that we didn’t have any. 

X-Q. 583. Well, now the figures that you have 
given in these daily returns, do you include those as 
unreliable? ‘ 

A. Absolutely not. This is the middlings plus the 
ore and not the middlings alone. 

X-Q. 584. Well, prior to December 22nd have you 
any figures that will show the middlings plus the ore 
feed. 
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A. Ihave. 

X-Q. 585. Give me a record of some time shortly 
before December 22nd, 1916? 

A. I will have to supply them for you, Mr. Wil- 
liams. I can supply all of December and November of 
1916 for you if you so desire. 

X-Q. 586. You commenced to make up that record 
in December, 1916? 

A. No, we made it previous to that time, as to the 
assay of the flotation machine headings or the ore 
plus the circulating middling treated in flotation, and 
I can supply that for an average period or any time 
that you might wish. 

X-Q. 587. Well, supply it for November and De- 
cember, 1916, and then for December, 1915? 

A. All right, sir. 

X-Q. 588. Now, are we to have another flow sheet 
which will give the actual operations as they were ex- 
hibited to us on Sunday last? 

A. J will supply you with another flow sheet of the 
actual operations as they existed on Sunday last. 

X-Q. 589. Your Janney machines are operated with 
what speed of impellers? 

A. About 570 revolutions per minute. 

X-Q. 590. And can you give me the peripheral 
speed? 

A. Ican figure it for you. 

X-Q. 591. Give me the diameters? 

A. 20 inches for the upper impeller and 15 inches 
for the lower impeller. 
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X-Q. 592. And is that maintained throughout the 
plant, that speed? 

Ae Wharis: 

X-Q. 593. Have you used an oil known as Jones 
fuel cil? 

A. We have used an oil known as the Jones crude 
oll. 

X-Q. 594. Have you used an oil known as the Jones 
fuel oil? 

ee ING 

X-Q. 595. You haven’t used any different varieties 
of Yaryan pine oil? 

cS: 

X-Q. 596. Can you describe these different varie- 
ties? 

A. -I can. 

X-©0) 597.1 Please do sa? 

A. One variety we have used was a pine oil that 
was comparatively pure, while other varieties that we 
have used were not so pure, containing more of the 
solvent material, such as the paraffin solvents that 
are used in the extraction of the pine oil from the 
wood. These pine oils having a lower specific gravity 
than the ones which were comparatively pure, which 
had a specific gravity of about 0.93. 

X-Q. 598. Can you give a trade description of these 
different varieties: 

A. The pure pine oil is the Yaryan standard pine. 

X-Ovsoo” And the omer: 

A. The others are #2 Yaryan pine. 


~ 
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X-Q. 600. That gives two varieties. Are there any 
others ? | 

A. There are others that range between the #2 and 
the standard Yaryan, which numbers I don’t remem- 
ber offhand. 

X-Q. 601. But they have certain commercial num- 
bers, have they? 

A. I understand that they have. Some we have ob- 
tained samples of. 

X-Q. 602. What are you using now? 

A. We are using a mixture of the standard and. 
the #2. 

X-Q. 603. How long have you used them, about? 

A. We have used them for the past several months, - 
as we have not the tank capacity to keep them separ- 
ated; we have to mix them. 

X-Q. 604. Since December 22nd, 1916, what va-' 
rieties of Yaryan pine oils have you used? 

A. The standard and the #2. 

X-Q. 605. And they have generally been mixed? 

A. They have generally been mixed and in some in- 
stances have not, depending upon our tank capacity. ° 
We had room in one tank to put the lone oil. 

X-Q. 606. Can you give me any figures giving the ' 
assay of the middlings or whatever you call it that is 
overflowed from the pneumatic or Callow plant? 

A. A fair average would be between five and 12' 
per cent zinc. a 
X-Q. 607. And that is based upon your assays from: 
time to time? Is that right? —e 
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A. Yes. We don’t assay them regularly, but we 
take occasionally a sample of it to determine its value. 

X-(. 608. Can you give me an idea of its tonnage? 

A. That would be pretty hard. I have made no 
determinations on that particular matter. 

MR. WILLIAMS: For the present and in view of 
the fact that there are so many other things that the 
witness has to supply I suspend the cross-examination. 


' RE-DIRECT EXAMINATION 
BY MR. SCOTT: 


R-Q. 609. You were asked on cross-examination 
something about when your attention was first called 
to using large amounts of oil, and you stated that—re- 
ferred to some circumstance at the Utah Copper Com- 
pany, I think, in the summer of 1913? 

Se eee dic: 

R-O. 610. Will you explain that circumstance? 
What happened? 

A. It was in the summer of 1913 when I went to 
Garfield, Utah; to the Utah Copper Company to as- 
sist in some flotation work for a period of two or 
three months. While there we determined the best 
methods that we knew of to float the ore or rather the 
low grade concentrate, and it was found that by only 
using coal tar or its derivatives, or a mixture of coal 
tar with the crude oils that good results were obtained 
when using a large quantity of the oil; and it was im- 
possible to get the results at that time with a smaller 
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quantity. By “large quantity” I mean we had used as 

high as thirty and forty pounds of oil per ton, at that 

basis, in the small apparatus, and the results were very 

much poorer with quantities that were smaller than 

that, say ten pounds or five pounds; and with a smallerguaety 
one or two pounds, we couldn’t get anything. And at 

that time it was upon this investigation that we de- 
termined the relative importance of large quantities of 

oil. 

R-Q. 611. Can you state about how much insoluble 
the Butte & Superior ore carries, mill run? 

A. On an average I should say between 65 and 7C 
per cent. A fair average would be 67 per cent insolu- 
ble. 

R-Q. 612. What would be the figure for the flo- 
tation feed? 

A. Well, the flotation feed would be somewhat 
higher than that, possibly 72 per cent. ; 

R-Q. 613. On account of what? 

A. Having some mineral taken out of the original 
Ore. 

R-Q. 614. When you began to use upwards of one 
per cent of oil was the time of agitation, or the de- 
gree of agitation, time of agitation, changed in the 
Butte & Superior plant? 

A. It was not. 

R-Q. 615. Did you ever use copper in a different 
form from that you referred to as being purchased 
from-the Anaconda Company? 

Be Y eS: 
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R-Q. 616. In what form? 

A. We have used copper sulphate, a solution pro- 
duced from the copper sulphate crystals. 

R-Q. 617. Ordinary commercial crystals? 

A. Yes, ordinary commercial crystals. 


RECROSS-EXAMINATION. 
fonae tn VV VELA MS: 


‘ RX-Q. 618. When did you use copper sulphate 
produced from crystals? 

A. We used that when we first started the opera- 
tion in 1915 with copper sulphate. The first copper 
sulphate that we used was made from crystals, made 
into a solution. 

RX-Q. 619. And about how long did you use that 
kind of copper sulphate? 

A. Well, I don’t remember exactly when we start- 
ed using the A. C. M. solution, the Anaconda Copper 
Mining Company solution; but I do know this: at 
various times it has been difficult to get the Anaconda 
Mining Company’s leach solution, and it is necessary 
for us to use the copper sulphate solution. We keep a 
stock of it on hand at all times and can change to the 
copper sulphate crystal solution, which gives equally 
as good results as the Anaconda Mining Company’s 
leach solution. 

RX-Q. 620. Well, you can give me a general idea 
as to when you commenced using the Anaconda Mining 
Company leach solution, can you not? Please do so. 
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A. About a year ago, I think, approximately. 

RX-Q. 621. MR. SCOTT: Have you drawings of 
these machines you have used in your experiments, or 
some of them? 

A. Yes, I have. 

RX-Q. 622. Have you them with you? 

A. Ihave. I have a drawing here of the cataract 
machine that I used in producing the Everson proced- 
Tee, | 

MR. SCOTT: We will put this in evidence if there 
is no objection, so they will be convenient in the record 
to refer to the different types of machines. 

MR. WILLIAMS: No objection even to the viola- 
tion of the fundamental principles of perspective that 
appears in the drawings. . 

MR. SCOTT: I offer the drawing of the cataract 
machine in evidence, this being the machine used by 
Mr. Dosenbach in one of his Everson experiments. 

THE COURT: What machine was that? 

MR. WILLIAMS: Out of the German publication. 
It is the oil purifying machine. Of course I have a 
general objection to the use of that machine. 

THE COURT: It will be admitted. 


Drawing admitted in evidence and marked DE- 
PON OANITS EXHIBIT 182. 


ix. 623. MR. SCOTT: Have you drawingsior 
any of the other apparatus? 

A. Here is the Janney machine. 

MimeesCOlL: We ofter im evidence a dra 


‘\ 
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showing the Janney circulating machine in section, this 
being a drawing of the machine used by Mr. Dosen- 
bach in one of his experiments. 

MR. WILLIAMS: I suggest that that be corrected 
to properly represent the machine that is in evidence. 
The correction is not a large one and can easily be 
made, showing the dome top. With that correction I 
have no objection. 

THE. COURT: Well, the correction will be made. 


Drawing admitted in evidence and marked DE- 
PENDANT S28 Eire ii iss: 


MR. SCOP: 1 offer im evidence, drawinevoreure 
square glass jar machine used by Mr. Dosenbach in 
his experiments. 


Drawing admitted marked DEFENDANT’S 
EXHIBIT No. 184. 


RX-Q. 624. MR. WILLIAMS: In regard to de- 
fendant’s exhibit No. 182, representing the so-called 
cataract machine, I observed at your plant an oil mix- 
ing machine provided with a revolving impeller and 
baffles, or at least one baffle. You have that con- 
struction in mind, have you not? The oil mixing ma- 
chine at your plant which was mixing the oil that you 
Was using on Sunday last? 

i NEES. 

RX-Q. 625. That machine has a révolving impeller 
about the same as in this cataract machine, has it not? 

A. It has a revolving impeller. 
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RX-Q. 626. About the same as this cataract ma- 
chine? 

A. No; it has a very narrow blade. 

ReeO, 627. It has a baifle, has it not? 

Peeves, it has a baffle. 

RX-Q. 628. At what speed is it rotating in your 
plant, mixing the oil? 

A. It is rotated at about twelve to fourteen—l 
should say offhand—revolutions per minute. I wish 
to say, however, that the oil is placed in that oil mix- 
ing tank up there, and it is not necessary to revolve 
the impeller any faster than it is going for the purpose 
that we desire. 

MR. SCOTT: I offer in evidence the Janney circu- 
lating machine which Mr. Dosenbach used in his ex- 
periment. 

MR. WILLIAMS: The machine, while of interest, 
is irrelevant as to any of the issues in this case, be- 
cause the record shows that it is a machine that was 
invented about 1913 or 1914, and is therefore, and can 
not therefore, be any part of the prior art. I should 
like a ruling upon that, if your honor please. 

THE COURT: Well, the court will allow it to,be 
admitted. The objection is overruled. 

lament excepted. 

THE COURT: Experiment has been made with it 
before the court, and to repeat them, perhaps the ma- 
chine ought to be here. The exception will be noted. 


Machine marked DEFENDANT'S EXHIBIT 
55. 


4 
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MR. SCOTT: I offer in evidence the machine used 
by Mr. Dosenbach in his experiments and referred to 
as the cataract niachine, the same following the Ger- 
man publication referred to by Dr. Sadtler. 

VR VWHEEIANMS: Whe same generalsonyjcction. a. 
is no part of the prior art. 

THE COURT: For the same reasons the court will 
overrule the objection, and exception will be noted. 


Machine admitted in evidence and marked DE- 
PENDANT Scipio leon 


Mik SCOUT: VI otter mrevidence the machime mice 
by Mr. Dosenbach and referred to as the Fryer Hill 
machine. 

MR. WILEIAMS: The objection to the intioduc- 
tion of that machine of course repeats the objection 
that was made to the experiments init. That machine 
is a figment of the imagination of counsel, and has no 
part in the record or in the proceedings in court, and I] 
object to it on the ground that it is incompetent, irrele- 
vant and immaterial. 

MR. KREMER: I don’t know whether that is a 
compliment or not, Mr. Williams. 

MR. WILLIAMS: It is a compliment to the in- 
genuity of counsel. | 

Tide COURT. ltrs the opmicneomiiterex pert trat 
the machine follows the publication, and experiments 
have been made with it, and for the same reason the 
court will allow the machine to be introduced in evi- 
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dence and the objection will be overruled and excep- 
tion allowed. 


Fryer Hill machine admitted in evidence marked 
Pie DAN LT > EXEIBIT No. 187. 


MR. SCOTT: I offer the square glass jar machine 
me vidence, 

MR. WILLIAMS: The general objection as to 
that. The particular objection was to the speed at 
which it was rotated. 

Objection overruled; plaintiff excepted. 


Machine admitted in evidence and marked DE- 
ren DAN TS XHIBIT No. 18s. 


Vice COll- | otier in evidence the cone Gabbett 
apparatus, including the up-cast appliance. 

MR. WILLIAMS: As these are reproductions of 
the real prior art, as far as I can see, there is no ob- 
jection. 


Machine admitted in evidence, marked DE- 
FENDANT’S EXHIBIT No. 189. 


Whereupon further hearing was adjourned until 2 
o’clock p. m. May Ist, 1917. 
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2 o'clock p. m., May Ist, 1917. 


PROF. WILDER D. BANCROFT recalled for 
{further 


DIRECT EXAMINATION 
BY MSO: 


Q. 1. You have called my attention, Prof. Bancroft, 
to the fact that in your testimony the other day, ap- 
pearing on page 1106 of the typewritten transcript, 
some of the percentages you mentioned were not stated 
accurately. 

A. Yes. I stated that one-tenth of one per cent of 
oil on ore was approximately 6% on mineral when the 
ore contained 1/% mineral, and was 25% of oil to 
mineral when the ore contained 4% mineral. That 
seems to have been a case of getting lost on the deci- 
mal point; those figures should be 0.6 and 2.5 re- 
spectively, which rather spoils the burst of eloquence 
that I indulged in. Of course if I had realized that 
the decimal point was misplaced I should have said 
things running from 0.1 to 1%, instead of doing it as 
I did. 

THE COURT: It seems you were indulging in 
Gqeita Ome tie ais une 

A. It certainly looks like it. 

©. 2. BY MR. SCOTT: Professor, will you please 
tell us when you first saw a mineral froth, one of these 
concentration mineral froths? 
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A. Well, as near as I can fix it, it was either the 
end of March or the first few days of April of this 
year. 

Q. 3. How did you happen to see it then? 

A. Why, becan@d Dr. Sadtler telegraphed to me in 
the middle of the month of March to know whether J 
would consider coming out here and testifying in this 
case, and I told him that I could not tell until I had 
talked the matter over with him, because, as a matter 
of fact, I did not know which side Dr. Sadtler was on, 
and after that, of course, I began to get fairly busy 
looking up the details, because before that I had been 
simply interested in the general theory of it as a minor 
problem in colloid chemistry. 

Q. 4. Your previous interest in it had been entirely 
disconnected from the concentration of ores; was that 
the case? 

A. Oh, yes; I did not care anything about that. 
The thing that interested me in it has been that it is 
a practical application which connects in with two ap- 
parently different things; that is, we have emulsions, 
which are drops of one liquid—cod liver oil, for in- 
stance, suspended in another, and those drops are 
stabilized by adsorbed solids, and I have been doing a 
great deal of experimental work, or having it done, in 
the last few vears, on the theory of emulsions. The 
next step is the theory of froths, because you can con- 
sider a froth as an extreme case of an emulsion, where 
you have got air or any gas, which may be considered 
as a very dilute liquid, instead of the liquid. One al- 


3478 Minerals Separation, Linited, et al., vs. 
Prot. Wilder D) Bancroit. 


ways likes to make occasional reference to the fact 
that these things that we have been talking about are 
of interest from another point of view than the purely 
theoretical, because the student is much more inter- 
Gccd iteine practical side than iim ithe oiler, andyon 
course the bulk oil process does come in under this 
head, where you have two layers of liquid separated by 
Gieimetal. But the only experiments that | maxcecycn 
done was this same one that has been done here, of 
the copper powder and of the aluminum powder. 

QO. 5. Then I take it that the lectures—I think you 
said one lecture a year that you had to deliver—for 
the past three or four years, have been devoted to this 
theoretical and scientific aspect of the emulsions and 
of froths? 

A. Yes, to show the connection between emulsions 
and froths, and that we did have these particular 
things coming up as a special technical application, but 
of course as far as | was concerned, I never cared or 
really knew anything about the special details, because 
it was perfectly obvious that if we had air in there the 
things would float better than if we did not have air, 
and from the scientific point of view the problem 
never came up as to the special requirements or the 
methods of doing it. 

QO. 6. Certain passages have been quoted to you 
from your article in Metallurgical and Chemical 
Journal of June Ist, 1916, the quoted passage relating 
to the nature of mineral floats formed with different 
quantities of oil. Were these statements based upon 
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your own investigation or upon information otherwise 
obtained ? 

A. Why, they were based on information otherwise 
.obtained; that is, we had done no experiments, as is 
shown in the statement seven lines from the end of that 
article: ‘We have not vet made any experiments on 
the factors affecting ore flotations when the oil is 
reduced to a minimum, so I will not discuss that point 
at all.” 

ie Now, referring to the passage irom tis 
article, Metailurgical and Chemical Engineering, 
which was quoted in question 221, appearing at page 
1144 of the typewritten transcript, have you found 
anything from investigations made by yourself to con- 
firm the statements contained in the quoted passage? 

A. From experiments that we have done this win- 
ter on the theory of froths, and from the experiments 
that I have also done since I have been out here, I 
satisfied myself, somewhat to my sorrow, that that is 
all wrong, and that it was a very unfortunate para- 
graph to have written. 

©. 8. Will you state how you originated the series 
of experiments that you made when testifying the 
other day? 

A. It was perfectly clear to me that you ought to 
be able to stabilize a froth with any solid which would 
be adsorbed by it; and, if I were considering it purely 
from a scientific standpoint, I would have been satis- 
fied to let it go with the statement of the fact that you 
could stabilize it with zinc sulphide or lead sulphide. 
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But my experience has been that in every particular 
industry the people think that there is something spe- 
cially mysterious about that and that the ordinary laws 
do not apply to it. That is, the literature is full of the 
statements that ore flotation is essentially mysterious 
and uncanny. If you take the people who make leather 
they will tell you that tanning is entirely different from 
any other industry under the sun, and that no laws 
apply to them. You hear people say the same thing if 
you talk to the people who dye cloth, that is they con- 
sider that the dyeing of cloth is quite different from 
anything that anybody else has ever known anything 
about, all of which is of course not so. So it seemed 
wiser to take other substances which were not directly 
connected in any way with flotation, and Messrs. Tag- 
gart and Beach talked the matter over with me to de- 
cide what substances would be the best for the purpose 
of these tests. We decided on lycopodium powder be- 
cause we knew that that was not wetted readily by 
water, and consequently had a distinct adsorption for 
air. We took white lead because I knew that linseed 
oil will displace water from white lead. While I did 
not know that vies same thing would hold in these other 
Eases, It seemy fo me very probable; and the time being 
short we did not want to run a number of things that 
were likely not to work. We took lamp black because 
T knew that the different forms of carbon black have 
very strong adsorbing power and that among other 
things acetic acid is adsorbed by lamp black; so that 
these seemed to be the best things to start in with. 
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I have no doubt we could find dozens of other things 
if we had time but it would take us about two days 
to show them. : 

Q. 9. Are there any other passages in the “Engin- 
eering and Metallurgical Journal” that you would like 
to comment on? 

A. I have marked several passages in here which 
do not represent at all my present views. As regards 
to the other paragraphs they are not all worded quite 
the way I should do it now, but they are substantially 
correct. First, there are two typographical errors 
which [ should like to correct. On page 632, in the 
paragraph beginning with the word ‘“Winkleblech’’ 
the word “benzene” in there should be spelled with an 
cj 
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bezine and not with an “e.’ In the next para- 
graph the word “benzene” should also be spelled with 
emme i sin the first place in which it occurs. It is 
all right in the second. Those are small typographical 
errors which were not corrected because I did not 
see the proof. Now, as to the paragraphs which are 
pretty bad from the present point of view. On page 
634 all the way from the paragraph on the left col- 
umn beginning “A large bubble” to the end of the 
paragraph on the right hand solr ending with ‘more 
air would give a plastic mass; with still more would 
give the bulk oil process.” The statement in that 
about saponin is all wrong, and the part in there 
about the cause of the variation in the amount of oil 
is also wrong. While there are occasional sentences 
in there that are all right, it is safer to object to this 
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whole thing. On page 635 the paragraph beginning “If 
a pure liquid does not form a froth with air” should 
come out. It is a perfectly suitable paragraph in it- 
self but as I now know it doesn’t have anything to 
do with flotation. That point as a matter of fact is 
covered in my testimony the other day. On page 635 
the sentence reading “Now that we are a little more 
clear as to the cause of frothing’ should also come 
out because J wasn’t so clear in regard to the question 
of frothing, especially not as regards the theory of 
frothing agents, as I am now. With these exceptions 
I think the other is practically all right. Anyhow, 
I am willing to be responsible for it as representing 
substantially my views at the present time. 

MR. SCOTT: 1 will try and get you another one 
of these if you will give me this one to put in evidence 

A. Yes, sir. 

Mike SCODP. 1 citer a photocraphicren se arene 
article in the “Metallurgical and Chemical Engineering” 
by way of explanation of the testimony. Any objec- 
tion? 

MR. WILLIAMS: No, no objection. 


Document admitted in evidence and marked 
DEFENDANT’S EXHIBIT 190. 


MR. SCOT. You may cross ex mime: 
MR. WILLIAMS: No cross examination. 


WITNESS EXGG rE: 
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DIRECT EXAMINATION, 
Eee vik. SCOTT: 


MR. SCOTT: Mr. Wicks will testify to one of 
these reports regarding which Mr. Dosenbach’s employ- ’ 
ment was insufficient to cover the period. 

QO. 1. I hand you the tabulated report of the Butte: 
& Superior Copper Company, flotation operations cov-~ 
ering the period from 1913, first quarter, down to April, 
1915, and ask you if you were connected with the opera- 
tions there referred to for any period of the time? 

A. 1 was connected with the Butte & Superior 
operations from December, 1912, until April, 1915, 
which would include this period. 

©. 2. In what capacity were you connected with 
the company. 

A. | had the title of mill superintendent. 

QO. 3. And you did actually have the superintend- 
eney of the millr : 

A. Yes, sir, I was in direct charge of the mill. 

Q. 4. And these operations were under your charge? 

A. Yes, sir. 

Q. 5. And you can and do state that these figures’ 
correctly represent the operations ? 

A. I have studied them over and I believe that - 
eileyare- yes, Sir. 

Q. 6. Now, Mr. Wicks, have you compiled any 
figures showing the details of operations in the Chino : 
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plant covering periods when the kind of oil used re- 
mained substantially the same? 

A Yes, sit, | prepared a tabulation tor the imoneth 
of November, 19106. . 

THE COURT: This is not a matter that he has 
heretofore gone over? _ 

MR. SCOTT: This is another branch of the case 
we are going to take up. We are going to establish 
the relations between the amount of oil and other 
elements in the process for the purpose of showing 
that that is not related in any way to the weight of 
the ore itself. 

THE COURT. 1 askedis it asmattier that lemnas 
gone over before. | 

MR. SCOTT: No, he has not touched on this; 
no witness has, your honor. 

THE WITNESS: These really furnish some in- 
formation that Mr. Williams requested of me. 

MR. SCOTT: What question of Mr. Wilhams 
brought this point up? : 

A. Mr. Willams was looking over the statements 
showing the details of operation of the vanner con- 
centrate flotation plant at the Chino Copper Company, 
and he called my attention to the variation in oil and 
that it was in direct ratio or in direct proportion to 
the fluctuations in the dilution of the feed. I told Mr. 
Williams that that matter had never been called to my 
attention particularly but that it would appear from 
the statements that there was some relationship. So 
1 got up some figures to show the details of that so as 
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to show whether there was any comparison or not, and 
when I was doing that I also prepared a statement 
—some statements showing the relationship between the 
total sulphides in the ore and the amount of oil used, 
which was a matter that I also mentioned to Mr. Wil- 
liams at the time I was testifying about that statement. 

QO. 7. Now, the figures upon this statement which 
you have prepared are derived principally, are they 
not, from the tabulated statements that you produced 
the other day? 

A. Yes, sir, the figures are taken from that or 
they are computations made from those figures. 

Q. 8. Has an investigation or study of these figures 
been made for the purpose of determining whether 
there is some relation between the amount of oil and the 
sulphide in the ore and the solution? 

A. Yes, sir. J was much interested in that and | 
proceeded immediately to tabulate it to see what the 
relationship was. 

Q.9. And has this investigation put in more definite 
form than this statement? 

A. Well, in collaboration with Professor Taggart 
we prepared some charts showing graphically the re- 
lationship which the figures indicate on this sheet 
which [ have here. 

IMR. SCOTT: You may cross examine because 
Professor Taggart will explain the calculation. I offer 
the statement produced by the witness entitled “Chino 
Copper Company, Hurley plant, data compiled from 
statement, form 12C, showing results of operation of 
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vanner concentrate flotation plant, month of No- 
vember, 1916,” 

MR. GARRISON: We, of course, object to this as 
not having any probative force, if your honor pleases. 

©. 10. Is it not true, Mr. Wicks, that in the opera- 
tion of the flotation plant the following factors are 
liable to variation: first, tonnage fed to the plant per 
unit of time, 24 hours being the period usually em- 
ployed? 

A. Yes, the tonnage varies considerably. 

Q. 11. How about the kind and amount of oil? 

A. The kind and amount of oil varies somewhat. 

Q. 12. How about the degree of agitation and aera- 
tion? 

A. The duration and degree of the agitation do 
not vary a great deal. There is a little variation from 
time to time, but not a great deal. 

Q. 13. Kind and quantity of reagents other than 
oil, is there a variation in that? 

A. Yes, sir. 

Q. 14. Is there a variation in the temperature of 
the pulp? 

A. Yes, the temperature of the pulp varies accord- 
ing to the weather conditions. 

©. 15. Is there a variation in the quantity of the 
feed? 

A. A considerable variation. 

Q. 16. Is there a variation in the quantity of sul- 
plude in tle teed 7 

A. Yes, a great deal. 
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() 17. Is there a variation in the quantity of oil 
used ? 

Eve YS. 

Q. 18. Now, in your plant, when using the minimum 
efficient quantity of oil, if all the conditions above 
mentioned remain constant except the percentage of 
water in the feed and the quantity of oil used, what 
change do you make when the percentage of water 
in the feed increases? 

A. Well, I find from this tabulation that I have 
prepared that as the percentage of water increases, 
the amount of oil used increases. 

Q. 19. In your plant when using the minimum 
efficient quantity of oil, if all conditions remain con- 
Braitecxcept percentace Of sulphide in the feed and 
quantity of oil used, what change do you make when 
the percentage of sulphide in the feed increases? 

A. When the percentage of sulphide increases more 
oil is required and more oil is added. 

MikeeocOil: Now, the purpose of the tabula 
tion that we offer, if your honor please, is to show 
by computation and graphic diagrams actually made 
from the records of the mill, that the observation of 
the fact stated by the witness is verified, and thereby 
to show that whereas the patent here in suit states 
the quantity of oil in terms of a percentage ‘of the 
weight of ore, as a matter of fact there is no relation- 
ship of that kind whatever; that the quantity of oil is 
related to other things entirely, namely, to the sulphide 
content of the ore, to the dilution of the ore pulp and 
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to other factors—as stated by one of the witnesses 
some time ago, to the degree of aeration as affect- 
ing the number of bubbles and the air surfaces in the 
pulp. It is’our point that the patent in suit not only 
erroneously states by implication or by direct state- 
ment—I might say that there is what has since been 
called a critical point that the oil must be reduced to 
in order to produce this froth—we not only deny that 
allegation, but-we also deny that the very terms in 
which it is stated have no relation to this process 
whatever, namely, a relation to the quantity of ore. 

[ renew the offer of this report. 

MR. WILLIAMS: JI have no objection to this re- 
port as it appears to be an illustrative diagram pre- 
pared to illustrate a theory; but now that we have the 
detail of these daily operations in this argumentative 
form, [ think that should be supptemented by the de- 
tails of these operations in the form in which they 
are summarized, and not particularized, in the record 
of the flotation operations of the retreatment of van- 
ner concentrates, exhibit No. 29. If, therefore, this 
witness will supplement this argumentative report with 
a regular daily report of the operations, which will 
really give the basis for the argument, there is no 
objection to having this in evidence as an argument. 

MR. KREMER: That is really a matter for cross 
examination, it seems to me. 

THE COURT: What is this but a daily report? 

MR. KREMER: So it 1s; the details of that daily 
report are subject to cross examination. 
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THE COURT: It is nothing more nor less than 
a gathering together of the figures which appear 
elsewhere scattered through the various reports pre- 
sented by the witness. 

Piece Oll: Exactly. 

Pere eCOURT: Of course it adds nothing to the 
force of his testimony, but it is simply a handy and 
convenient way of gathering them together, I take it. 

MR. WILLIAMS: It is a selection and computa- 
tion, especially arranged from that record, not to 
the fundamentals of mill operation, but simply the 
presentation of an argument; and if this is supple- 
mented by a report giving the information in the 
came detail that it appears in exhibit 29, there is no 
objection to having it in evidence. 

THE COURT: Isn’t that already in evidence? 

MR. KREMER: It is already in. 

MR. WILLIAMS: No, not the details of it. 

mz 1iik COURT: As 1 understand it @itine 
document shows—proposed exhibit No. 191 shows 
that on the Ist of November, 1916, you used 8.06 
Ibs. of oil, and on that day the pulp contained solids 
46.03? 

A. Yes, sir. 

eZ) And so on? 

A. Yes, sir. The first four columns, the figures 
are copied directly from the original record, and the 
remainder of, the columns with the exception of the 
sixth one, are computations based on these figures. 


May I explain that further? 
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Op 22 ese you may explain. 

A. The first four columns are copied directly 
from the original record, the pounds of oil per ton, 
the per cent. of solids, the ore treated per 24 hours, 
the assay for copper and all are copied from this or- 
iginal statement covering the operations of the van- 
ner concentrate plant for the month of November. 

MR. KREMER: It is now in evidence? 

Nike SCOTT. No, it isenot in vevidence: 

MR. KREMER: Then I made a statement that, 
that was wrong. ; 

A. (Continued) The next column which is headed 
“Percent Cu2S is derived from the preceding column. 

Oe 723— oo TEE COURT Wy hate. Con 

A. That is copper sulphide in the form of chal- 
cofite, and that figure, 4.51, is derived from 3.60 
in the preceding column, that is, converting the metal- 
lic copper into sulphide, in the form of chaleotite. 
which is the form in which our copper exists. 

O. 24. BY MR. SCOTT: You inean that wre 
first figure in that column is the copper as metal? 

A. Yes, sir. 

Q. 25. And in the next column you combine that 
copper with the sulphur that occurs with it? 

GS: 

Q. 26. And that column gives the weight of the 
mineral in which the copper occurs? | 

A. Yes. Now, the next column which is headed, 
“Assay Percent Iron 17.8” that is also copied directly 
from this statement. Now, the next column is the 
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percent iron which exists as FeS2, which is iron pyrite, 
or a sulphide form of iron. Then the next column 
is the percent of computed sulphide in metallic iron. 
You see the 14.4 is computed from the 6.7. One 
column is the metallic iron and the next column is 
the iron pyrite, and then the last column, 18.9 that 
is the sum of 14.4, which is the iron sulphide, and 
4.51, which is the copper sulphide. 

eee ey tHe COURT: You can turnish or 
have accessible to the opposing party, the daily records 
from which this is made up, can you? 

Eee cS, Sir. 

MR. GARRISON: If your honor please, may I 
call attention to a matter that is seriously embarassing 
to us. We are only furnished with one copy of 
these papers, which Mr. Williams has to have, and 
all these explanations are lost to us because the ex- 
perts have no copy, and it seems to me that we ought 
to have two copies of these papers so that our prac- 
tical men might have them. 

THE COURT: Well, I see—You can have this 
one that I have, because J don’t know that it aids the 
court very much; the court follows the testimony. 
Both sides ought to be as agreeable as possible and 
accommodate both parties so they can follow the 
testimony. 

MR. SCOTT: It is unfortunate we have no more 
copies. 

MR. KREMER: We have no more on our side. 
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MR. GARRISON: You had an extra one to give 
to Professor Beach that might have come to us. 

MR. KREMER: Professor Taggart has one from 
which he is going to testify presently. JI myself have 
none. 

MR. GARRISON: I think the court could make 
a ruling that they furnish two copies of these papers 
fOeach side. 

THE COURT: it should be done.) ihe counmean 
only say what should be done in future. You had 
better deprive your Owl expert ol one ands \ctmute 
other$ have it. Your own expert will have plenty of 
opportunity to look at it in time. 

MR. KREMER: If your honor please, I made 
the statement that this was in the record in tabulated 
form. That is not correct. Mr. Williams interro- 
gated the witness on cross examination about this 
particular month, and in that way the inajor portion 
of the first four columns came into the record. 

THE COURT: The objection will be overruled. 

Piatti te xcepucd: 


Tabulation referred to admitted in evidence 
marked DEFENDANT’S EXHIBIT No. 191. 
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XQ. 28. I note that in the first items of exhibit 191, 
the assay of the iron is 17.8. The percentage of iron as 
FeS2, or sulphide of iron, is 6.7. In what condition 
does the remainder of that iron, the difference between 
17.8 and 6.7, exist in the material described? 

A. Principally as magnetite, which is an oxide of 
iron. 

X-O. 29. And does magnetite enter into the froth to 
any substantial extent? 

ee Very little. 

X-Q. 30. You would not consider magnetite, which 
is the magnetic oxide of iron, as a substance of a metal- 
liferous character, that is, having a metallic luster and 
responding to the condition that float sulphides? 

A. It is not a sulphide and does not respond to the 
treatment which ordinarily floats sulphide. 

X-Q. 31. You don’t float much of your magnetite? 

A. No, sir; we try not to, and it floats to a very, 
very limited extent. 

X-Q,. 32. Then, as J understand you, the last column 
shows what may be termed the metalliferous mineral 
contained in the material? 

A. It is intended to be the total sulphide content of 
the material treated. 

X-Q. 33. What is there in that material besides the 
18.9% sulphides; you have stated the magnetite. 

A. Yes. There is a little oxidized iron, but very lit- 
fie, and then tlic remainder is gangue. 
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X-Q. 34. Any hydrated iron oxide? 

A. I don’t know the condition of the iron that exists 
in there in solution. 

X-Q. 35. As I remember it, when J cross-examined 
you, you showed me a table of the daily operations for 
the month of November, did you not? 

A. Yes, sir. . ; 

X-Q. 36. May I look at that table for November, 
1916? 

A. Yes, Six; this is the one that you wanted Ga 
copy of. 

X-Q. 37. Will you supply a copy of that table to 
me? 

A. Yes, sir, I will be glad to. 

MR. WILLIAMS: That is the document that I 
wanted to have, your honor, for the purpose of compari- 
son. 

X-Q. 38. Will you supplement that by a description 
of the materials used under the head ‘Pounds Used of 
Reagents.” That, as I understand it, is the other re- 
agents other than those described in other parts of the 
coluinn—or have you that information at hand? 

A. I have not that information at hand, Mr. Wil- 
liams. 

X-O. 39. How long will it take you to get it? 

A. Probably five or six days. 

X-Q. 40. Will you obtain it and let me have it. 

A. Yes, sir, I will endeavor to get it for you. 

X-Q. 41. Now, you have made a statement that the 
oil increases with the increase of the sulphides. Upon 
what experience do you base that conclusion? 
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A. Well, that is something that has been clear in my 
inind for a considerable length of time, because of my 
familiarity with flotation operations, and it might be 
particularly illustrated by the large difference in the oil 
consumption between eur yalnts which are treating high 
grade material, such as this vanner concentrate plant 
which is under discussion—and the other plant which 
treats the low grade or vanner tailings. For instance, if 
we are using the Barrett No. 4 creosote oil in both 
plants, the oil consumption is very considerably greater 
in the plant which treats the vanner concentrates than 
it is in the plant which treats the vanner tailings. 

X-Q. 42. Is that the sole foundation for your belief, 
aside from what these tables show that you have just 
produced? 

ieee cll, it has been a matter of observation for a 
long time; I have believed it to be true for the greater 
part of my experience in flotation. 

X-Q. 43. You gave a great variety of variation of 
conditions which affected the operation of the plant. 
They all contribute more or less, I suppose, don’t they? 

A. Yes, they do all contribute to the results or lack 
of results that one is able to obtain from the plant. 

X-Q. 44. As a matter of fact the man who runs the 
plant does not need to bother his head with these vari- 
ous considerations that you are talking about? 

A. You mean the operator of the machine? 

X-Q. 45. The operator. 

A. Yes, he is expected to get results, and he has to 


take care of those things. 
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X-Q. 46. How do you instruct him to regulate the 
plant? 

A. We instruct him to get results? 

X-Q. 47. How is he to get them? 

A. By experience and by training, which is ob- 
tained from the men ahead of him, and of course by 
consultation with his foreman, and with the metallurgi- 
cal sapien and with myself. 

X-Q. 48. What is the principal thing that guides 
him in his judgment? 

A. The assay of the tailings and the assay of the 
concentrates. 

X-Q. 49. He does not get the assay of the tailings 
and the concentrate at the time that he has to make the 
adjustment, does he? 

A. He gets the assay of the tailings every two 
hours; they take samples every two hours of the tailings 
and make assays, as a guide. The assay of the concen- 
trate is made only from shift to shift; so that he gradu- 
ally learns by experience and the appearance of the 
froth which runs a certain grade of copper. 

X-Q. 50. Isn’t it a fact that the appearance of the 
froth is the principal thing that guides him in his ma- 
nipulation of the plant? 

A. No, I think not. 

X-Q. 51. Don’t you think that he gets the appear- 
ance of the froth, and then he learns from the assays 
what that appearance means, and then he is guided 
largely by the appearance of the froth? 

A. Well, I think he is guided more by the assay of 
the tailings than any other thing. 
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X-Q. £2. And you get that information two hours 
after the trouble has happened? 

A. No; a sample is taken every two hours, and it 
probably takes thirty minutes‘or such a matter, to get 
the assay after the sample is taken. 

X-Q. 53. What experience have you had in running 
the plant? 

A. In running the plant itself? Considerable. 

X-Q. 54. And have you made these various adjust- 
ments ? 

ie es, Sir, persofially. 

X-Q. 55. And have you always waited for assays be- 
fore you made the adjustments? 

A. Not always. 

X-Q. 56. You have usually been guided by your 
judgment of the appearance of the froth, haven’t you? 

A. Iam guided chiefly by the looks of the froth in 
the machine. The conditions are repeated to get the 
bulk of the mineral in certain cells of the machine. If 
the conditions are not right you get a large proportion 
of the mineral toward the lower end of the machine and 
consequently more of it is carried into the tailings. 

X-Q. 57. And that I should say was the relative 
froth appearance in the different boxes? 

A. Well, I think it might be more properly stated as 
the volume of the froth rather than the appearance of it. 

X-Q. 58. Examining this table, exhibit 191, I find 
that on November 28th you used 18.41 pounds of oil 
and your total sulphides were 34.6. On November 27th 
you used 17.85 pounds of oil and your total sulphides 
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were 44.9. Does this seem to your mind to show that 
the amount of oil increases with the increase of sul- 
phides? 

A. J am rather inclined to think, Mr. Williams, that 
that assay of iron on the 27th is wrong, but the records 
showed that and so that is what I put in. However, it 
appears to be a very erratic point. In explanation of 
that I might say that the concentrate for that day con- 
tained 33.5 per cent of iron which was very considerably 
greater than any other single day during the month. 

X-Q. 59. The last figure that you have given me was 
taken from the detailed statement which you are going 
to put in evidence later? Is that right? 

i Vees, Site, 

X-Q. 60. Did you have mill experience at the Butte 
& Supertor Copper Company? 

A. Yes, sir. 

X-Q. o1. Your ore there was a great deal richer, 
wasn’t iff 

A. Yes, sir. 

X-Q. 62. When you were there how was the ore run- 
ning? 

A. Well, it was varying considerable. I think 1* 
went up as high as 22 per cent zinc at times, but it wes 
very unusual. 

X-Q. 63. I note that in exhibit 158, in the first 
quarter of 1913, the pounds per ton of oil were 4.76 and 
the pounds per ton of acid were 1.68 and that the ap- 
parent recoveries were 65.34 per cent. That is a very 
peor operation, wasn’t it? 
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A. I haven’t that statement, Mr. Williams. 

X-Q. 64. You just verified it? 

A. I know I have but I can’t recall those figures. 

(Question read.) 

A Yes, sir, that is very poor. 

X-Q, 65. And that is an operation with too much oil 
and too little acid, wasn’t it? 

A. Iam inclined to think that it was not due to too 
much oil because’ the next quarter the amount of oil 
nearly doubled and the recovery went up twenty per 
cent. 

X-Q. 66. And the amount of acid was more than 
double, wasn’t it? 

Ee es, Sit,” 

X-Q. 67. And then in the next quarter the amount 
of oil was reduced to a still lower point, 4.14; the 
amount of acid was increased to 7.05 and the recovery 
went up to 86.49, Théld 
reducing the oil and increasing the recovery? Isn’t 
that right? 

Peco sit. 

X-Q. 68. And then the fourth quarter the oil was 
slightly increased, 4.78, the acid was still more in- 


you were increasing the acid, 


creased 8.45, and the recovery went down to 84.97, al- 
though not very much. There we find a slight in- 
crease of oil, an increase somewhat greater in acid, 
and a slight falling off on the recovery. Doesn't that 
indicate that you were getting in these two quarters, 
nearer to good conditions by diminishing the oil and 
increasing the acid? 
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A. Yes, it would appear that way from this state- 
ment. I think, however, that at least a portion of the 
improved results were due to improving mechanical 
conditions. 

X-Q. 69. Now, how long did you stay with the 
Butte & Superior? 

Poe enti pril, 191s 

X-Q. 70. And it was during the year 1915 that the 
oil was brought down to 1.49 pounds per ton; the acid 
‘maintained practically at 7.81 pounds per ton and the 
apparent recovery was up to 90.18 per cent per ton. 
That was a very great improvement, wasn’t it? 

A. Yes, sir, it was a very considerable improve- 
ment. 

X-Q. 71. And that result was obtained with an ore 
vastly richer in metalliferous mineral contents than 
any of the orés that you referred to in this table, ex- 
hibit 191, was it not? 

A. Yes, but an entirely different ore. 

X-Q. 72. I won’t ask you about metalliferous con 
tent of that ore because Mr. Dosenbach will furnish 
it. I suppose you haven’t anything at hand that will 
give it? 

A. No, I haven’t that figure. I can say, however, 
that our records that were kept at that time, while I 
was there, were correct within the best of my knowl- 
edge. 

ViIiENESS EXCUSED 
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EDWARD W. ENGLEMAN, recalled for 
further direct examination, testified as follows: 


Die CT ee xeAMENATION. 
IBY MR. SCOTT: 


QO. 1. Mr. Engleman, is it not true that in the oper- 
ation of your flotation plant the following factors are 
liable to variation: first, the tonnage fed to the plant 
per unit of time, 24 hours being the usual unit em- 
ployed? 

Ee lies: 

Q. 2. Is the kind of oil used subject to variation? 

A. Very slight variation. 

(Oyo et your plant? 

ee Yes" sir. 

Q. 4. And the duration and degree of agitation and 
aeration ? 

A. Fairly constant. 

Q. 5. How about the kind and quantity of reagents, 
other than oil? 

A. We don’t use any. 

QO. 6. You dont’ use any at all? 

~. No; 

Q. 7. How about the temperature of the pulp’ 

A. Does not change. 

QO. 8. The percentage of moisture in the feed? 

A. Varies slightly. 

Q. 9. The percentage of sulphide in the feed? 

A. Varies slightly. 

Q. 10. The quantity of oil used? 
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A. Varies slightly. 

Q. 11. Now, in your plant when using the mini- 
mum efficient quantity of oil, if all conditions above 
that I have just mentioned remain constant except the 
percentage of water in the feed and the quantity of oil 
used, what change do you make when the percentage 
Of water in the feed increases? 

Eeeeiiicredse the oll. 

Q. 12. Now, in your plant when using the minimum 
efficient quantity of oil if all conditions remain con- 
stant except the percentage of sulphide in the feed and 
the quantity of oil used, what change do you make 
when the percentage of sulphide in the feed increases? 

A. Increase our oil. 

Q. 13. I think you have compiled some tabulations 
from your records, haven’t you, showing the relation 
between percentage of sulphide and oil, qn and 
per cent of water and oil quantity? 

Pe have. 

Q. 14. Are these compiled from the original rec- 
ords? 

eu biaey ance. 

Q. 15. And to your knowledge they are correct 
statements of the matters set forth? 

Ae iiney are. 

Q. 16. Do they cover the two departments of your 
mill, the vanner concentrate and the slimes plant both? 

A. Yes, I have tabulations here for the entire year 
of 1916 on our retreating plant feed and the same 
period on our slimes vanner tailing feed. 
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Q. 17. And if requested to you can supplement 
these tables by additional information from the rec- 
ords you have with you? 

me Yes, sir. 

MR. SCOTT: I offer this tabulation in evidence, 
one entitled “Ray Consolidated Copper Company, Hay- 
den plant, data compiled from monthly statements 
form number 62R, showing results of operation of 
vanner concentrate retreatment plant during the year 


1916.” 


Tabulation admitted in evidence and marked 
DEPENDANIS EXHIBIT 192. 


MR. SCOTT: And the second tabulation entitled 
“Ray Consolidated Copper Company, Hayden plant, 
data compiled from monthly statements, form 62R, 
showing results of flotation operation for ten-day 
periods during the year 1916.” “Slimes vanner tail- 
ing plant.” 


Tabulation admitted in evidence and marked 
DEFENDANT’S EXHIBIT 193. 
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X-Q. 18. Taking up exhibit 192, what does the last 
column show? 

A. Per cent total copper and iron in feed. 

X-Q. 19. And those are the only two minerals that 
are represented in the metalliferous mineral? 

A. Practically so. 

X-Q. 20. To any substantial extent? 

Bh VGES Site, 

X-Q. 21. So that instead of showing the sulphide 
you merely show the minerals that are represented in 
the sulphide; in this table? 

A. Yes, sir. 

X-Q. 22. Why didn’t you show the sulphides? 

A. Because I have these assays for every day of 
the operation during that year and they are reported 
as copper and iron and not as iron sulphide. 

X-Q. 23. Now, this last column is the sum of the 
two columns before it? Is that right? 

Ay WES, BI, 

X-Q. 24. Now, these pounds of oil per ton, how do 
you figure that? 

A. Pounds of new oil added per ton of feed treated. 

X-Q. 25. And this first column represents—is that 
“dates’—can’t be dates of course? 

A. This statement is made up of ten-day periods 
and period No. 1 is therefore the first ten days and 
period No. 2 represents the second ten days. 
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X-Q. 26. Where does this start? 

A. January Ist, 1916. 

X-Q. 27. And does it run consecutively? 

He Yes, Sir. . 

X-Q. 28. And this last period 36? 

A. That is December 20th to 30th, or 31st. 

X-Q. 29. December what? 

A. It is the last ten days in December, 1916. 

Pew ole \ow, let us take the other one, 193, 1 
don’t read on this statement what it is. 

A. Slime vanner tailings plant, I think you will see 


it up there. 
X-Q. 31. It is written in ink? 
fvemey eS, Sit. 


X-Q. 32. Does that commence with January 1, 
1916? 

A. It does. 

X-Q. 33. I notice that the fourth item of the fourth 
horizontal line is shown in blank. What is the reason 
for that? 

A. The fourth item and also the 20th item are 
blank. I could not find the ten day reports for that, 
but I have the daily operations which go to make up 
that ten day report and I did not have time to figure it. 
in order to tabulate, but I have it. 

X-Q. 34. Will you supply that deficiency in order 
to complete the record? 

Pes) Sir. 

PSO ws5.) That applies to all of the blanks }ithiese 
two sets of blanks, does it not? 


b 
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A SRS. RE. 

X-Q. 36. Now, as to the other one, the vanner con- 
centrate retreatment plant, I notice that there are some 
blanks? 

A. The last blank or period 36, I did not tabulate 
that because on the last day of December in this plant 
we added over one per cent of oil and it would not be 
fair to add that in that tabulation. 

X-Q. 37. But the other blanks you can supply just 
as you did before? 


A. Yes: 
X-Q. 38. I wish you would do so. 
A. All right. 


MR. WILLIAMS: ‘I think with the same reserva- 
tion—of course I have not had time to study these— 
I will suspend the cross-examination. 


WADING Ss) IC USI) 


J. T. SCHIMMIN, called as a witness in be- 
half of the defendant, being first duly sworn, 
testified as follows: 


DIRECT EXAMINATION. 
BY MR. SCOTT: 


Q. 1. Will you please state your full name? 

ee Wee Schiimanniine 

Q. 2. What is your occupation? 

A. Mill superintendent for the Butte & Superior 
Mining Company. 


——— 
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Q. 3. And how long have you had experience with 
flotation concentration? 

fee ince in September, 1912. 

©. 4. In the operation of the Butte & Superior flo- 
tation plant I will ask you whether the following fac- 
tors are liable to variation: first, the tonnage fed to 
the plant per unit of time? 
Yes. 
QO. 5. And how about the kind of oil? 
Ny NGS 
Q. 6. That varies too? 
eae cS: 
Q. 7. And is there any variation in the duration 


- 


and degree of agitation and aeration? 

m. Yes. 

Q. 8. Is that variation marked, the speed of agita- 
tion? 

A. Yes, it is. 

Q. 9. Over what periods does it vary—vary from 
higher to lower I mean? 

A. Oh, no, the amount of agitation does not vary. 
It 1s constant. 

Q. 10. The agitation and aeration are constant? 

A. Yes, they are constant. 

Q. 11. The kind and quantity of reagents other 
than oil? Is there some variation in that? 

Pemeeut very little. 

Q. 12. Temperature of the pulp? 

A. Very little variation in the temperature. 

Q. 13. And is there some variation in the percent- 


age of moisture in the feed? 
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A. Yes, at times there is. 

Q. 14. And how about the variation in the per- 
centage of sulphide in the feed? 

A. Yes, that varies to a certain extent. 

Q. 15. And how about the variations in the quanti- 
ty of oil used? 

A. Well, that varies slightly, depending upon the 
tonnage and so forth. 

Q. 16. Now, in your plant when using the minimum 
efficient quantity of oil, if all the conditions I have 
just mentioned remain constant except percentage of 
water in the feed and the quantity of oil used what 
change do you make when the percentage of water in 
the feed increases? 

Zoe Ve ierease the oil 

Q. 17. Now, in your plant when using the minimum 
efficient quantity of oil if all conditions remain con- 
stant except percentage of sulphide in the feed and the 
quantity of oil used what change do you make when 
the percentage of sulphide in the feed increases? 

Eee Increase thie oil: 

Q. 18. Have you compiled a tabulation from your 
records showing the relations between percentage of 
sulphide and oil, quantity and per cent of water and 
oil quantity? 

A. Ithave, yes, sir. 

Q. 19. Did you compile this or have it compiled un- 
der your direction? 

A. Ihave had it compiled under my direction. 

Q. 20. From the original records of the company? 
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i. Yes. 

Q. 21. And you are able to testify that this is. an 
accurate statement of the matters set forth? 

En YES. 

-Q. 22. And you do so? 

i Yes, 

MR. SCOTT: I offer this tabulation entitled 
“Butte & Superior Mining Company, data compiled 
from original records of flotation plant operations, 
month of November, 1916, flotation plant feed.” 


Tabulation admitted in evidence and marked 
DEFENDANT'S EXHIBIT 194. 


MR. SCOTT: You may cross-examine. 


CROSS-EXAMINATION. 
BY MR. WILLIAMS: 


X-Q. 23. In the second column in the tabulation 
produced by you, exhibit 194, the first column follow- 
ing the date, the first item is 1.67 pounds of oil per 
ton? 

ix YS, 

X-Q. 24. Is that new feed? 

A. That is new flotation feed, yes; new feed. 

X-Q. 25. And what oil was used then? 

Zee ine oil. 

X-Q. 26. And throughout the month of November 
that is here tabulated what oil was used? 

A. Pine oil with the exception of—I don’t remem- 
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ber exactly—it was about 36 hours I think when re- 
constructed oil, compounded oil, was used. 

X-Q. 27. Can you tell me when this was, these op- 
erations, because having a new and totally different 
oil introduced it might introduce a variable factor? 

A. No, I can’t tell you the exact date without look- 
ing it up. 

X-Q. 28. Will you look that up? 

AX, wes. 

X-Q. 29. Of course that would take a day and a 
half and might seriously change one of these figures; 
you appreciate that? 

Xa 8S, 

X-Q. 30. What other reagent or reagents were 
used during this period of November, 1916? 

A. Sulphuric acid and copper sulphate solution. 

X-Q. 31. Was the amount of sulphuric acid and 
copper sulphate solution variable during this period? 

A. Slightly, yes. 

X-Q. 32. To what extent did it van Take first 
the sulphuric acid? 

A. Well, it would probably vary from six and a 
half to eight and a half pounds per ton. 

X-Q. 33. And how the copper sulphate? 

A. Probably two one-hundredths of a pound of me- 
tallic copper, equivalent to two one-hundredths of a 
pound of metallic copper. 

X-Q. 34. And how about its variation? 

A. That is the variation. 

X-Q. 35. What was the absolute assay then? 
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A. From eight one-hundredths of a pound to one- 
tenth of a pound. 

X-Q. 36. Now, I notice that you have compiled the 
zinc sulphide from the assay of zinc. It is true, is it 
not, that there are small quantities of other sulphides 
“in your ore? 

Ee «Vs. 

X-Q. 37. And these other sulphides are variable, 
are they? 

A. The sulphides vary but little. In fact, you might 
call them almost constant. 

X-Q. 38. And what would be the constant or near- 
ly constant, approximately, that would have to be 
added to the zinc sulphide to represent the total sul- 
phides in the ore? 

A. You mean the percentage that should be added 
to represent the total? 

XONS9. Yes. 

A. I should say between six and seven per cent. 

X-Q. 40. Have you a tabulation covering this 
month giving the other factors such as appear on the 
large sheet containing the Butte & Superior operations 
which has been put in evidence? Have you a table of 
that character? 

A. Yes, I haven’t got it with me though. 

X-Q. 41. Will you produce it and let me have it? 

A. Yes, I will. 

MR. WILLIAMS: The cross-examination is sus- 
pended. . 

VINE Ss EXCUSED. 
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R. A. CONRADS, recalled, testified as fol- 
lows: 


PREC) EXAMINATION: 
BY MR SCOTT: 


Q. 1. Mr. Conrads, will you tell me whether in the 
operation of the flotations plant where you are em- 
ployed the following factors are liable to variation: 
tonnage fed to the plant per unit of time? 

Aw Yes, sir. 

OFZ nat icesbject temvoriacion: 

A. It is subject to variation. 

Q. 3. How about the kind of oil used? Is that also 
a variable? 

A. The kind of oil used is variable to a degree. 
That is we have certain standard oils which we ordin- 
arily use, but at times we are forced to make changes, 
though we do not make any radical changes in that 
ordinarily. 

QO. 4. Is there much or any variation in the degree 
of agitation or aeration? 

Pee No that 1s fixed with ts. 

Q. 5. And the variation in kind and quantity of 
reagents, other than oil? 

A. There is a variation in the quantity, but not in 
the kind, there is not. 

Q. 6. How about the temperature of the pulp? 

A. We run at atmospheric temperature. We don’t 
artificially heat the pulp. 
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e771 ou dont use artificial heat? 

Ze Wo not. 

Q. 8 So it is subject to variation from any sources 
whatever other than the climate? 

A. It is subject to slight variations, but it is not 
noticeable or hardly considerable. 

Q. 9. Does the percentage of moisture in the feed 
vary? 
It does, yes. 
. 10. Percentage of sulphide in the feed? 
That also varies. 
. 11. Quantity of oil used? 
And the quantity of oil is variable. 


OPOP>O> 


12. Now, in your plant when using the mini- 
mum efficient quantity of oil and all conditions that I 
have just mentioned remain constant except percent- 
age of water in the feed and the quantity of oil used, 
what changes do you make when the percentage of 
water in the feed is increased? 

A. Increase the amount of oil. 

Q. 13. In your plant, while using the minimum ef- 
ficient quantity of oil and all conditions remain con- 
stant except percentage of sulphide in the feed and 
quantity of the oil used, what changes do you make 
when the percentage of sulphide in the feed increases? 

A. We increase the oil also. 

QO. 14. You have made a tabulation, have you, from 
your records showing the relation between percentage 
of sulphide and oil quantities, and percentage of water 
and oil quantities? 
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ee cs. 

Q. 15. During the period covered by this compila- 
tion was the same character of oil used throughout? 

A. There was a certain variation. I made one 
chart which covered the entire period of the plant dur- 
ing which they have treated or retreated low-grade 
concentrate, the kinds of oil have varied in that, and I 
have taken these monthly averages and made a com- 
pilation on that basis. J have another in which the 
kinds of oils were not varied a great deal. It is prac- 
tically a crude mineral oil with creosote. That is for a 
28-month period, September, 1914, to December, 1916, 
inclusive. 

Q. 16. You compiled this yourself from the original 
records? 

pee Wididyyes.. cit, 

Oul7 Aid itis connect: 

A. To the best of my knowledge it is correct. 

MR. SCOTT: I will offer this tabulation entitied 
“Utah Copper Company, Magna Plant, Metallurgical 
Department, data compiled from statements giving 
average results by months of operations of vanner con- 
centrate flotation plant, September, 1914, to Decem- 
ber Ist to 24th, inclusive, 1916.” 


Tabulation admitted in evidence and marked 
DEFENDANT’S EXHIBIT 195. 


Q. 18. You also compiled this second statement 


ond 


which you handed to me? 
Doe dial 
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Q. 19. And is it correct and accurate? 

fee Lothe best of my knowledge and belief, it is. 

MR. SCOTT: I offer the second report produced 
by the witness, entitled “Utah Copper Company, Mag- 
na Plant, Metallurgical Department, data compiled 
from original records of operation of vanner concen- 
trate flotation plant for the year 1915, etc.” 


Table admitted without objection, marked DE- 
FENDANT’S EXHIBIT 196 (two sheets). 


Q. 20. You compiled this third statement from the 
original records, did you? 

A. Yes, I did. 

M. Z1. And is it true and accurate? 

A. Yes, to the best of my knowledge and _ belief 
it 1s. | 

MR. SCOTT: I offer the third statement produced 
by the witness, entitled “Utah Copper Company, Mag- 
na Plant, Metallurgical Department, date compiled 
from original records of operation of vanner concen- 
tration flotation plant for the year 1916.” 


Table admitted in evidence marked DEFEND- 
Nd Ss eX HIiBil No. 197 (2 sheets). 


MR. SCOTT: Mr. Conrads wants to correct an 
answer that he made before, Mr. Williams. 

Q. 22. What was the answer? 

A. There is just one question; in reading over my 
former testimony, in that, while my answer is correct, 
it is not quite as accurate as I would like to put it, and 
I would like to make the correction accordingly. 
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MR. WILLIAMS: You may do so. Will you give 
ime the number of the answer? 

THE WITNESS: Yes, sir; it is page 560, que 
tion No. 306. You asked: “That sludge tank, is that 
full—full to overflowing?” and my answer was “No, 
{ have never seen the sludge tank full; that is, it is a 
perfectly clean fall; that is, it does not interfere in get- 
ting the samples.” I want to correct that statement 
simply in this, that I have a very few times seen that 
sludge tank overflowing a little froth. Now, if you 
will look at the previous questions, we were consider- 
ing the matter of sampling the circulating feed, and 
where that sample is got, and when you asked the 
question I had in mind the sampling, and my answer 
there was with that in mind. [ have never seen the 
sludge tank full of pulp, and very few times have I 
seen it overflowing froth, and we are very careful in 
taking that sample that it is never full, so as to inter- 
fere with the sampling of the stream as it drops from 
the launder into the tank. I wanted to be a little more 
accurate in that, as I noticed that, while practically 
true, it was not as accurate as I wished it stated. That 
is all, Mr. Williams. 
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CROSS-EXAMINATION. 
Peeve WIELIAMS: 


X-Q. 23. Now, in the first of these tables which 
you produced, exhibit No. 196, you gave the variation 
in the kind of oil; in this period, covering from Janu- 
ary 12th, 1916, to December 23d, 1916, you made, of 
course, certain variations in the oil, did you not? 

A. There were some variations, yes, sir. 

X-Q. 24. Do you think you have previously testi- 
fied as to what those variations were? 

A. Well, I gave you, if you will remember, a note 
of the variations asked for, and, as I stated in my 
direct examination, there were no extreme or radical 
variations. We used through that time, practically all 
of the time—I think I am safe in saying all of the 
time—crude petroleum oil with creosotes. Now, those 
creosotes were varied to a certain degree, though not 
radically. 

X-Q. 25. And all of those creosotes, of course con- 
tained soluble constituents? 

f\eee es, Sir. 

X-Q. 26. And the other oil, the crude petroleum 
oil? 

A. It is a top petroleum oil, that is, a crude oil with 
the lighter groups removed; practically all the gaso- 
line and kerosene are removed. 

X-Q. 27. Did you ever determine whether or not 
there were any soluble constituents in those oils? 
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A. No, but from the very nature of them, it is safe 
to say that there would be practically none. 

X-Q. 28. Could you give me any figures as to the 
percentage of soluble constituents in the creosote? 

eNO, ecould not. 

X-Q. 29. Now, the second table that you have pro- 
duced, exhibit 197. 

A. That is the third table, Mr. Williams. 

X-Q. 30. Well, the one that I am referring to is 
No. 197, data compiled from the original records of 
the operations of the vanner concentrate flotation 
plant for the year 1916. 

A. There are two of those for that year. Exhibit 
No. 196 covers the days in the year 1916 on which the 
percentage of solids in the flotation feed was not un- 
der 31% nor over 33%, while in exhibit 197 the com- 
pilation embraces the days of the year on which the 
percentages of mineral—that is, 100% minus the per 
cent of the insoluble matter, in the feed, was between 
24d 25.5, 

X-Q. 31. Are these the assay returns of the in- 
soluble that you give in this table, exhibit 197°? 

Nee eos 

X-Q. 32. And is it true of your ore that the assay 
returns of insolubles give all of the constituents ex- 
cept the sulphides? 

A. No, but I took that for the reason that, on ac- 
count of the nature of our ore, I think that this will 
more nearly represent it—that is, represent the total 
amount or percentage of mineral than by attempting 
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to calculate it from the copper and iron of the assay. 

X-Q. 33. What are the constituents of your ore? 
which are present in the form of sulphides? 

A. Principally pyrite, chalcopyrite and chalcocite, 
with certain other minerals entering into it in a minor 
degree. The reason that I did not calculate them on 
the basis of the assay for copper and iron was because 
the ratio of the amount of chalcocite and chalcopyrite 
and pyrite, for example, are not constant from one day 
to another or from one time to another. 

X-Q. 34. Is the ratio of sulphide—or is the pro- 
portion of sulphide clearly indicated by the amount of 
insoluble in the assay returns? 

A. It is not absolutely accurate, though I believe 
that it is a more accurate way of getting that ratio 
than any other that, I know of, without analyzing, and 
every one specially, which analyses we do not have. 

X-Q. 35. That is, with the assays before you, you 
selected this as the one that would give us the nearest 
estimate of the proportion of metalliferous mineral in 
miewore is that correct? 

A. The proportion of sulphide or metalliferous 
mineral in the ore, yes, sir. While that is not absolute- 
ly accurate, I take it because I think it is the most 
nearly accurate of any way that we have at hand. 

X-Q. 36. Now, will you give me a typical assay, so 
that we can see all the conditions that entered into 
your determination? 

A. You mean to take one of these days and give 
you the assays? 
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<0. 3/7 ae cs: 

A. What day would you like, Mr. Williams? 

X-Q. 38. Take about the middle of the period. I 
don’t see the months. 

A. The month is indicated by the i MO of 
the two in the left-hand column. 

X-Q. 39. Well, we will take about the middle of 
July. About 6/24—June 24th will answer. 

A. June 24th. The heading on that day assayed 
6.64% copper, 6.54% iron and 75.10% insoluble. The 
per cent of solids is on the sheet at 29.65, and the 
pounds of oil per ton were 3.40. 

X-Q. 40. And that is all your assay shows? 

A. In the heading, yes, sir. 

X-Q. 41. You might complete it by giving me the 
assay of the concentrates and of the tailings on that 
day. 

A. The concentrate assayed 25.98% copper, 23.2598 
iron and 16.13% insoluble. The tailing assayed .35% 
COppen and. /07,. Irom, 

X-Q. 42. Percentage of insoluble, have you that in 
the tailing? 

A. No, sir; we never run the tailing for insoluble. 

X-Q. 43. Now, let us take September Ist. 

A. September Ist, 1916; the heading was 7.68% 
copper, 6.08% iron and 74.70% insoluble. The con- 
centrate, 29.12% copper, 20.62% iron and 18.43% in- 
soluble; tailing, .24% copper, and .51% iron. 

X-Q. 44. Now, let us take the last date, Decem- 
ber 18th. 
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A. December 18th, the heading assayed 7.60% 
copper, 5.78% iron and 74.93% insoluble; the concen- 
trate, 30.95% copper, 20.32% iron, 16.60 insoluble; 
and the tailing, .138% copper and .56% iron. 

MR. WILLIAMS: The cross-examination of Mr. 
Conrads will be suspended for the present until we 
have further studied the tables. 


FRANK JANNEY, after being duly sworn as 
a witness for defendant, testified as follows: 


DIRECT EXAMINATION. 
DraeviR: SCOTT: 


Orie otate your full name. 

ee erank G, Janney. 

Q. 2. What is your occupation, please? 

A. General superintendent of mills for the Utah 
Copper Company. 

Oeoee bie mills at Gartield, Utah? 

pee tecariicid, Utah. 

QO. 4. They are known as the Magna plant and the 
Arthur plant, are they not? 

iwelivey are. 

Q. 5. How long have you been occupied in practis- 
ing flotation, or how long does your knowledge of flo- 
tation extend? 

Eweeoince the early part of 191Z. . 

Q. 6. And you have been continuously engaged in 
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the practice or trying out of flotation processes ever 
since? 

Pee ia 

Q. 7. Will you state whether it is true that in the 
flotation process the following factors are liable to 
variation; first, the tonnage fed to the plant per unit 
of time. 

Pveee es. 

©. 8. And how about the kinds of oil used? 

A. They are variable. 


©. 9. You might state to what extent that is varia-- 


ble, and what kind of oil is used generally. 

A. Well, they are variable simply in the kind, that 
is all. 

O. 10. How about the duration and degree of agi- 
tation and aeration? 

A. It is constant. 

Q. 11. And the kind and quantity of reagents oth- 
er than oil? 

A. Variable. 

Q. 12. And the temperature of the pulp—of course 
I refer to your own operations. 

A. I understand. We operate at atmospheric tem- 
perature. 

Q. 13. And percentage of moisture in the feed? 

A. Vartable. | 

Q. 14. The percentage of sulphide in the feed? 

A. Variable. 

Q. 15. How about the quantity of oil that you use? 

A. Variable. 
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Q. 16. Now, in your plant, when using the mini- 
mum efficient quantity of oil, if all the conditions we 
have just mentioned remained constant, except per- 
centage of water in the feed and quantity of oil used, 
what change do you make when the percentage of 
water in the feed increases? 

A. Increase the oil. 

Q. 17. And in your plant when using the minimum 
efficient quantity of oil, if-all factors remain constant 
except percentage of sulphide in the feed and quantity 
of oil used, what change do you make when the per- 
centage of sulphide in the feed increased ? 

A. Increase the amount of oil. 

Q. 18. Have you visited several different flotation 
plants and observed their operation? 

eel have. : 

Q. 19. Are you familiar with the way in which 
these flotation operators generally tell when they need 
to change the quantity of oil—when the quantity of oil 
should be changed? 

A. Iam in a general way. 

Q. 20. In a general way what does occasion their 
adjustment of the oil quantity? 

A. The dilution. 

Q. 21. Any other thing? 

A. The agitation and the amount of sulphide. 

QO. 22. You have made some tables, haven’t you, 
of the operations conducted under your charge, show- 
ing the relations between percentage of sulphide and 
oil quantities and perceritage of water and oil quanti- 


ties? 
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A. 1 made one tabulation of the variation of the 
pounds of oil to percentage of sulphides only. 

Q. 23. Is this tabulations made from your original 
records? 

Ne Meats, 

Q. 24. And you have personal knowledge that it is 
correct? 

peel have. 

MR. SCOTT: I offer this tabulation entitled 
“Utah Copper Company, Arthur Plant, metallurgical 
department, data compiled from otiginal record of 
operation of flotation plant treating original slime 
feed. 


Tabulation admitted in evidence and marked 
DEFENDANT'S EXHIBIT 198. 


QO. 25. Will you just explain, Mr. Janney, what this 
tabulation is intended to exhibit? 

A. This tabulation was gotten up from which a 
graphic chart was drawn and refers only to the pounds 
of oil per ton and the percentage of solids. The cop- 
per and iron values having no value in the graphic 
charts. 

Q. 26. You mean the graphic chart which was 
made? 

A. From this data. 

Q. 27. Was data only on the dilution? 

A. The same thing. 

Q. 28. And no account was taken of the mineral? 

Ae No: 

MR. SCOTT: You may cross-examine. 
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X-Q. 29. As I understand it this chart that you 
have produced represents proceedings with an invaria- 
bie oi! mixture, is that right? 

A. Invariable oil mixture. 

X-Q. 30. Now, what was that oil mixture? 

Pee oe pereeent barrett number 4, 5 per cent Yar- 
yan pine. 

X-Q. 31. Barrettnumber 4 is what kind of an oil? 

Pee Creosote oil, 

-Q. 32. And that had a soluble constituent? 

A. It has. 

= -O, 33, And the pine oil is to some extent soluble, 
in the proportions used? 

me itis, a 

X-Q. 34. And other conditions then, thickness th& 
pulp and richness of ore, did they have any influence 
on the increase or diminution of the amount of oil? 

A. Change in feed and tonnage. 

Xx-Q. 35. Anything else? 

A. No. 

X-Q. 36. Of course you are referring to the opera- 
tions in your plant? 

Ge CS. 

X-Q. 37. How about the variation in the amount of 
gangue in the feed; that-deesst—doesn't that vary the 
oil proportions ? 

A. It does through the dilution. 
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X-Q. 38. Aside from the dilution and considering 
it as a matter of solids, the amount of gangue iu the 
feed is quite an important item in itself, is it not, in 
vafying the amount of oil? 

A. I don’t know just exactly what you mean. 

X-Q. 39. I suppose that may be said to be the re- 
verse of the condition of richness of ore. That is to 
say if your ore contains more mineral and less gangue, 
that is one condition? 

jn MES oie 

X-Q. 40. Now you might have a condition where 
there was less mineral and more gangue, then the ore 
would not be as rich? 

A, Yes. 

X-Q. 41. Now, under these conditions you have to 
change the oil? 

A Yes. 

X-Q. 42. So that to that extent the increase and 
diminution of gangue is a variable although related to 
the decrease and increase of metalliferous mineral? 
That is right, is it not? 

ieee eS: 

X-Q. 43. Now, how about the character of the 
gangue? Doesn’t that change the oil proportion? 

A. Not on our ore. 

X-Q. 44. Not on your ore? 

A. No. 

X-Q. 45. And you refer to the operations of the 
Arthur plant? 

ie 1 @S: 
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X-Q. 46. How about the fineness of the grinding 
Brine caneue? isn’t that a factor? 

A. Not on our ore, I do not think. 

X-Q. 47. That is to say that is not a variable in 
your ore? 

A. It is not a variable, very constant. 

X-Q. 48. You testified, did you not, in the suit of 
the Minerals Separation Limited against the Miami 
Copper Company? 

A. I did. 

X-Q. 49. And in your testimony there you de- 
scribed the great troubles that you had in correcting 
the faults of the plant of the Butte & Superior Cop- 
per Company, the flotation plant, did you not? 

ioe ledid. 

X-Q. 50. You might give me the period when you 
were correcting these faults, generally? 

A. From July of 1912 to— 

X-Q. 51. (Interrupting.) Just to refresh your 
memory, what you answered in the Miaini case was: 
“T was sent to investigate the Butte & Superior process 
in the early part of 1912. I think it was in the month 
of June or July; maybe May; I will not be positive 
about that point.” I have read your testimony cor- 
rectly? 

A. Yes, sir. I looked it up since then, it was July. 

X-Q. 52. And how long did you continue in this 
struggle which you so fully outlined in the Miami case 
. of getting that plant into good working condition? 

A. About the middle of 1913; I am not positive 
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when I made my last trip to Butte. I know it was in 
the year 1913) 

X-Q. 53. Reading from your testimony in the 
Miami case, question 94: “Now, will you tell us the 
date upon which the results were of such a character 
as to make it certain that flotation was advantageous? 
A. lt was in the month of April or May of 1913.” 
Have I read your testimony correctly? 

A. Yes, sir. 

X-Q. 54. And is that a correct statement? 

et tcs 

X-Q. 55. I also read you question 95: “And what 
did you do in the way of oils? A. We tried several 
different kinds of oil, oleic acid, various grades of 
oleic acid, pine tars and pine oils and wood tars. Q. 
96. Can you make a statement as to the comparative 
results of using pine oil and oleic acid? A. With pine 
oil we found that we could get a very good grade, but 
we were unable to make a good tailing. With oleic 
acid we could make a very good tailing, but only a fair 
grade.” Have I read your testimony correctly? 

fe) One ave: 

X-Q. 56. And that needs no correction, I take it? 

A. None at all. 

MR. WILLIAMS: That is all. 


RE-DIRUCT EX aION. 
Breet SOO I. 
R-Q. 57. Were you in charge of the operations of 


the Magna plant from September, 1914, down to July, 
11S 2 
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A. Iwas. 

R-Q. 58. You are familiar with this tabulation that 
has been made, I take it? 

coe Les. 

R-Q. 59. Are you in a position to verify these re- 
ports, state that they are accurate and true? 

A. To the best of my knowledge they are. 

Mix. SCOTT: There is no further objection to 
these. 

MR. WILLIAMS: No further objection upon the 
ground that the witness is not able to testify to the 
facts. . 

exhibit 35.) 


Pree Ss 2 XCUSED. 


PROF. ARTHUR FAY TAGGART, recalled, 
testified as follows: 


DIRECT EXAMINATION. 
poe COLT: 


©. 1. Professor Taggart, have you made any inves- 
tigation based on the facts set forth in these compila- 
Meco eyiien are im evidence as exnibits 191 to 1982 

f.. I don’t know the exhibit numbers. I have made 
some compilations, some grapns based on the data that 
has just been presented regarding the relation between 
the percentage of oil and the dilution of the pulp and 
the percentage of sulphide in the pulp. 
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Q. 2. Well, what conclusions have you arrived at 
from your investigation? 

A. I have arrived at the conclusion that—or at 
least I have confirmed the conclusion that there is a 
relation and a very decided and strong relation be 
tween the percentage of sulphide in the feed or the 
variations in this percentage and the variations in the 
quantity of oil required, other things being constant, 
and also between the variations in the dilutions of the 
feed and the quantities of oil required, other things be- 
ing constant. J am offering this data rather to satisfy 
Mr. Williams I think in regard to an inquiry in my 
previous testimony as to whether these statements that 
I was making were not wholly theory and as to wheth- 
er it was possible to confirm them with any experi- 
mental data. He did not include mill operations, but 
the mill operations being more closely at hand, I in- 
vestigated those and I have here a series of charts 
which show unmistakably a direct relation between the 
pounds of oil used and the dilution of the pulp, other 
factors being constant, and the pounds of oil and the 
percentage of sulphide in the pulp, other things being 
constant. Now I wonder if I might explain a little bit 
here regarding the curves compiled from empirical 


data. If your honor will notice this particular sketch 


which we will offer later you will see that there are 
points scattered around over this sheet and that 
through them I have drawn a curve. The curve does 
not go through every point but is the average curve of 
these points. It has been put through according to the 
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accepted method of putting curves through points rep- 
resenting the result of investigations and such curves 
leading, if desired, to the formulation of emp¢rical 
formulae to represent the relation between the twd 
particular variables investigated. Now, just to show 
you that every fact represented there does not lie di- 


cacs sfhlios ne Ce bes os, Patera T weasel lila tO cite A coun.e of 
P. 3531, L. 9, insert “ familiar to all of us and which are ” 
after “ are”’ 


temperature with the seasons. for various paris or 
the country there are well established average curves 
of temperature ranging from season to season, and if 
I may represent here about how one of these curves 
goes I think it will perhaps make it clear. If each one 
of these divisions represents a particular division of 
the year as for instance, if this represents February, 
this March and this April, May, June, July, August, 
and this represents degrees of temperature, we will 
call these, we will say forty, fifty, sixty, seventy, and 
up to eighty, we know that in certain communities at 
least from February through March, through April 
and May there is a gradual increase in the temperature 
which would be represented in some such fashion as 
this. Suppose that during February the average tem- 
perature were 40°; during March the average tem- 
perature were fifty degrees, then a point would be 
placed there, and during April it were 55 de 
grees, another point would be placed at the ordinate 
representing May, and if in May it were sixty and 


ns 
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fune sixty-five, and July seventy, then the curve that 
would represent the average would be drawn in actu- 
ally a straight line for the average through these 
points. Now, nobody would expect, looking at that 
average curve that ail the days in March were going to 
have a temperature of 50 degrees. If we plotted aiong 
here the temperature of the days in March they would 
be found to spot around the average in that case; and, 
similarly, if we plotted the days in April, and it is 
quite easily recognized that there is an average ad- 
vance of temperature through these months. Another 
case, and one upon which a great deal more money is 
invested than this particular case of temperature, and 
one in which the ranges are much greater, is the case 
of life insurance premiums based on the average life, 
and life insurance premiums have decreased as the 
years have gone on, due to the fact that the average 
age of people in certain lines of life is increasing. 
Now, we know very well that 1f we draw a curve rep- 
resenting—take one thousand people, and if we draw 
a curve representing the average age of life that it 
will not mean at all that certain people are going to 
live until exactly that age. There are going to be 
deaths of course from an hour or a shorter moment 
after birth to even very considerable old age. These 
are going to range through large distances and yet for 
each year that those data are compiled there are go- 
ing to be deaths all through these different ages and 
yet the average curve through there will show that as 
we go from 1912 to 1913 and from 1913 to 1914 there 
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is a gradual increase in the average age; and that 
average curve is so well recognized that the life insur- 
ance companies expend or promise to expend enormous 
sums of money on the computations made by their 
actuaries. These computations are merely straight 
lines, average lines drawn through these experimental 
points. Now, I hope with this explanation that I may 
be able to show the results of plotting some of these 
facts that have just been represented, and to show 
your honor that the curve drawn through in each par- 
ticular case represents the average of all these points 
which are plotted on the graph. The first curve which 
[ have here is that of the Utah Copper Company, 
Arthur plant, flotation treatment of original slime feed 
for the months of September and October, 1916, omit- 
ting October 8th to 12th inclusive when the oil mix- 
ture was changed, the data being compiled from orig- 
inal records of operation, these records being already 
in evidence, presented by Mr. Janney. 

ieee): | offer the table just described by 
the witness. 

MR. WILLIAMS: No objection. 


The graph admitted in evidence and marked 
PoeeNDANI’S EXHIBIT 199. 


A. Now, if your honor will notice this particular 
curve it increase, that it rises toward the right. If 
you will notice down at the bottom of this sheet are 
certain numbers and written above that are the words 
‘nounds of new oil used per ton of original feed,” and 
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that these numbers increase towards the right. That 
means a point which was plotted on the chart any- 
where above that three, for instance, represents that 
three pounds of oil were used. That is if a point ap- 
pears anywhere along this line vertically above the 
three, it means that three pounds of oil were used. 
Then, on the left hand margin of the sheet are two 
series of numbers, those to the left reading 80, 85 and 
90, and representing the per cent of water in the feed. 
They read upward 80, 85 and 90, indicating that that 
particular square increases upwards. The compli- 
mentary square of that is put beside it, that is 10, 15 
and 20. The three numbers reading downwards rep- 
resenting percentage of solids in feed. Of course the 
statement of our constants, if put in terms of percent- 
age of solid in the feed, would be that the pounds of 
oil necessarily varied inversely as the percentage or 
solid in the feed; but it is rather easier to speak of 
the direct variation, rather than of the inverse varia- 
tion. Now, your honor will notice that as this curve 
passes to the right it rises and if we take first any 
point on the vertical line running upwards, this one 
representing one pound of new oil used per ton of 
original feed, and then run over to the left at th¢ level, 
the square representing the percentage of water in the 
feed, you will see that the percentage of water there is 
about eighty-two per cent. In other words, for a per- 
centage of water eighty-two per cent of the total pulp 
fed to the mill an average amount of one pound of oil 
per ton of solid feed to the mill was used. [f now your 
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honor will go out to the vertical line over the number 
two on the lower scale and follow that line up to its 
intersection with the straight line which has been 
drawn and then. follow from that point tg the inter- 
section to the left and read on the scale of percentage 
of water you will see that that reads about eighty-four 
and a half.. In other words when the dilution of the 
pulp has increased from eighty-two to eighty-four and 
a half, the average amount of oil necessary in that 
particular mill had increased to two pounds. There is 
a direct relation there, other things being approxi- 
mately constant, between the amount of oil needed and 
the amount of water present in the pulp. That same 
thing is borne out in all these other statements, as I 
will represent the curves to you. 

Q. 3. Now, Professor Taggart, would it be prac- 
ticable to explain, so that we can get some idea of the 
manner of laying out these curves and what these num- 
bers mean on the different dots? 

A, Yes. The numbers [ may say on the curves cor- 
respond to the numbers in the left-hand column of the 
particular sheet which goes with it. In other words, 
those are the data to which these particular dots cor- 
respond. For instance, if we take the number 6 at the 
far left of the chart. The numbers corresponding to 


é 


this on this sheet are “pounds of oil per ton, 0.82”. 
That is on the sheet entitled “Utah Copper Company, 
Arthur plant,’ and there being only one of those. 

Q. 4. Is that the last one? 


A. The last one that was offered. 
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THE WITNESS: Now, if you will look at this 
No. 6, you will note that the dots to the left there 
fetch (0 taemcate Of Sepiciaber Oia ana) teres) tac 
next to the last column is “Pounds of Oil per Ton, 
0.82.” Now, going to the scale at the bottom of the 
sheet and moving out here to a point between 0.75 
and 1—the point 0.82 represents the distance to the 
left at which you must plot this 0.6. Now, corres- 
ponding with 0.82 there is in the last column the num- 
ber 19.20, which represents the percentage of solids im 
tlie feeds and goine thicn om to the Scale at the jem 
end Of the chart petween 135 and 201m the comm 
Wrercentacse oi: Solids in feed, down near the 20a: 
order to get at 19.30,—That is the altitude of this 
charge at which this same spot should be plotted. 

Now, if we follow that horizontally,'then, from that 
point and vertically upward from the point right over 
0.82 which we nave’ previously located, at the inter- 
section of those two lines is the point where that figure 
6 is to be plotted. In other words, 1 we work this 
thing backwards, you take the point 6, and you can 


read that it means 0.862 pounds of oil were used, and 


the percentage of solids in the feed was 19.30, and. 
the same method is followed in potting, as if is called, 
me sheet, and all enese ditfercm 
yalues from this sheet of the different dots represented 
in their proper position by this series of dots on the 
chart, showing by their number the particular date 
which they represent—those numbers which are separ- 


ete being for the month of Sentember, and those which 
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aie a eceded by the number 10, representing the dii- 
ferent days in the month of October. 

fits particular chart extends from the first of Sep- 
tember to the end of October, 1916. 

Now, the method of putting the curve through those 
peints is one that was developed by an engineer by 
the name of Steinmetz, who is probably the most fa- 
mous experimental engineer in the country. He is 
ene of the experimental engineers for the General 
Electric Company, and one of the lines in which he has 
been very much interested is the mathematical side and 
the experimental side of electricity. Now, his idea is 
that, when you have a series of points such as this 
presented here, and wish to’passthrough them an aver- 
age curve, as, for instance, if I plot points all around 
here in that fashion—Of course for rough work you 
cai just size up by the eye what straight line will ap- 
proximate the average of those points—and it would 
pass through in some such fashion as that. If, how- 
ever, you want accurate results, the method recom- 
mended by Steinmetz is to divide these points approxi- 
mately into equal lots, as it were, that is, into two lots 
containing approximately equal numbers of points at 
either side cf a line which is approximately at right 
angles to the point, and the line should be—the type 
i@mewa for a straight line is Y, and the formula 1s, 
Y equals AX plus B. Now, if it is necessary, before 
you a that particular curve, to determine the co- 


By Ak 
efficient A of the variable X, and the constant term, 18 
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that is done by taking cach one of these points to the 
left of your line separately, and substituting in the 
value of Y, which is the distance of the point upwards 
irom this horizontal line, which we will say in this 
case 1s approximately 2, and substituting in also the 
corresponding value for X, which in this case would 
be 1, and we will then have this equation: 2 equals 1A 
plus B. 

Now, if you repeat that for all the poimis=at ines 
of that Iine—I will take one other point here for the 
purpose of illustration; suppose we take the point 
here, and the value of Y there would be approximately 
2.2, and the value of X would be about 3—Of course 
all these numbers that I am approximating here are 
iakem) accurately and directly ironmtic tablomon sthe 
curves—W’e would have then, for the second equation 
by which we hope to determine A and B, the equation: 
Ze equals 3A plus Bb. 

Now, if we add together that series of equations, 
we get, 4.2 equals 4A plus B. 

We now pass onto the other side of the line, and 
repeat the same method of treatment, and J will take 
two points over there; I will take 2, because this will 
throw a line in there with at least an average of what 
[ have taken. We will take this point, in which case Y 
will equal approximately 4, and the equation will be, 
4 equals 3.5A plus B, and for the point here we will 
have, 2.5 equals 5A plus B, and if we take these points 
together, we ect the equation 6.5 equals 8.5A plus 
Z lB 
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Now, by solving those equations we have now 
two independent equations in A and B, and it is a 
rule that if you have two independent equations and 
two unknowns, it is possible, by simultaneous solu- 
tion of the two equations, to determine the two un- 
knowns. You then go about this solution in this 
fashion: subtract one froin the other, and you get 4.5A 


feeucis 2.5, or that A will be equal to 2S) which is 


4.5 
easily turned into a decimal number. 
Then, given that resu't, you get that B is equal to 
something over 1, which I will indicate by 1 plus. 
Then we go back to this equation and substitute the 


20 
values of A, and we find that 0) is equal togsX 


plus 1 plus—that is, something larger than 1; I don’t 
think it 1s necessary to go through the calculations. 
All those curves have been calculated through in that 
fashion; that is the equation and the correct equation 
for averaging the lines to those points, and it can then 
be plotted in the light of that equation in some such 
fashion as that. 

Oeetif COURT: What is the object in the 
end, to show the varying relations between these sev- 
eral factors? 

A. Yes, sir, to show that the oil— 

Q.‘6. To show that there is some constant curve? 

A. Absolutely, and it shows in all these charts, not 
only in regard to the dilution, tet-tn—-regerd to—tie- 
dilution, but in regard to the percentage of sulphide. 
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Yhis is the line of the average when the percentage 
of suiphide was held practically constant, while some 
of these other curves were plotted when the dilution 
was held practically constant, and the only thing plotted 
were the percentage of sulphide and the amount of 
oil, and in those cases the same kind of an equation 
is shown. : 

©. 7. Going right back to this exhibit 198, —I want 
to get anto these curves—On the Z8th of September 
you have got a .99 copper, .93 iron and 12.79 solids? 

CL enucs: 

O. & Now, you had less metal, so you must have 
had more water in the solution? 

A. More water, yes. 

©. 9. And consequently your oil content runs pretty 


A. Yes, sir. 


O. 10. ‘lien if we take the one for ‘teemGti jou 
ie VOL 
have got seme copper and more iron and move solids? 


De SCS he. 

(il. That would mean of course less weter: 

me CS. 

©. 12. Your oil content runs down pretty low? 
Eee XC8: 

©. 13. It is a pretty wide variation, and this is 


8 
¢ 


an attempt to balance all these factors? 

A. Yes, that is what I say. It is the same ques- 
tion here; it is the same problem which confronts the 
actuary. He has people dying, children, middie aged 
people, old people, dying at all ages, yet he balances 


Mo 


¢ 


